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FOREWORD 4

1

Phase I of the Navy Advanced Waste Treatment System Program was con-

ducded under Contract N00024-71-C-5332 by Thiokol Chemical Corporation, Wasatch
Division, Brigham City, Utah. This final report covers the work completed between
20 April 1971 and 22 December 1971. The Navy Project Officer was Greg Harrison.

Wasatch Division personnel who contributed significantly to the development
of the advanced waste treatment system and to the preparation of this report are
as follows.

I Paul D. Nance
Tom O'Grady
Howard McIntosh

Larry Poulter
0. Daugherty
W. Holmes
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1.0 INTRODUCTION AND SUMMARY

Thiokol Chemical Corporation received a contract from the Navy

to develop an advanced waste treatment system on 20 April 1971.
This report covers Phase I research and development effort which
has demonstrated the feasibility of Thiokol's advanced photochemical
waste treatment system. The Phase I system utilizes chemical and
physical processes to achieve rapid treatment with a highly compact
system. A full scale system for a 200 man vessel has been fabricated
and tested under Phase I. This approach eliminates the necessity
to scale data from laboratory prototypes to the larger systems. Data
is presented in this report on a 200 man Navy prototype system capable
of treating 5, 200 gal per day of sewage, containing 600 mg/I of bio-
chemical oxygen demand and 800 mg/l of suspended solids. Effluent
from the sewage has been treated to a level of suspended solids under
80 mg/l, BOD under 50 mg/l, and a coliform bacteria count near
zero.

Technology applied to the waste treatment system has been jointly
developed by Thiokol Chemical Corporation, Pacific Engineering
Production Company of Nevada (PEPCON), and Midwest Research
Institute. Major components of the advanced waste treatment system
include:

1. Pretreatment to remove large solids and foreign objects.

2. A high efficiency centrifuge to remove suspended solids.

I 3. An incinerator based upon aerospace combustion technology

to destroy collected solids.

4. PEPCON electrolytic cells to generate chemicals for
oxidizing dissolved solids and to destroy bacteria.

5. An ultraviolet photochemical cell or chemical catalyst
to accelerate the reaction rates between oxidizing

chemicals and dissolved solids.

A pictorial'view of the above components and the required surge
tank. is shown in Figure 1 and a schematic of the system is shown

Sin Figure 2 The schematic flow includes pretreatment, primary

1. 1
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treatment, and secondary treatment systems, In the pretreatment
step, a combination trap and screening device removes foreign
objects and separates off large solids for direct incineration. Liquids
which pass through the screen are numped tn a nentrifmrp whp~rp %Ramp]
divided suspended solids are removed for incineration. Effluent from
the centrifuge is passed through PEPCON electrolytic cells where
hypochlorite is generated and the oxidation of dissolved solids is
initiated. Gases from the electrolytic cell are vented in a vent tank
and liquids are pumped through a PEPCON/UV reactor for completion
of the dissolved solids oxidation. Finally the effluent is passed through
a catalyst polishing column to remove last traces of hypochlorite along
with continued reduction of BOD.

The results from the Phase I effort substantiated the acceptability of
the basic subsystems proposed. The ultraviolet treatment system
reduces sewage, suspended solids and biochemical oxygen demand
to the level required by Navy standards. However, it was necessary
to increase the number of lamps by a factor of two to meet the speci-
"fication level of 80 mg/l suspended solids and 50 mg/i BOD.

Thiokol has conducteda parallel demonstration program with a catalyst
in place of the UV cell. With this system, the Navy effluent specifi-
cations were met with four 200 lb catalyst columns in place of 16 UV
lamps. Because of the major reduction in system size, complexity,
and power consumption with the Thiol-ol catalyst system, it is recom-
mended that the Navy proceed with Phase II of the program utilizing
catalyst in place of the UV light. This system has been fully demon-strated as described in this report and will allow initiation of Phase II

with fully demonstrated technology and within contract funding limitations.
The Phase II prototype system is scheduled for delivery in June 1972
assuming initiation of the Phase II effort by 1 January 1972.

4
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2.0 PROGRAM DESCRIPTION

A summary of the total Navy program is presented in Figure 3,
P'rogram Master Scheaule. This schedule defines a 3-phase program
effort to design and develop an advanced waste treatment system for a
200 .- man N- avy vessel. Pha-se I 'As to conduct reseaelVh and deve•opulean
for substantiation of previously untested subsystems on a laboratory
basis. Phase H includes design, fabrication, and testing of a full
scale prototype system in a Navy test facility. Phase IMI includes
design finalization and fabrication of a full scale system for instal-

I lation and testing aboard a Navy vessel.

The master program schedule indicates that the program started dur-I ing April 1971 and is scheduled for completion in December of 1973.

The master schedule has been revised as follows:

I Months After
Phase Authorization

PMilestone Proposed Revised

Phase I Report 6 months 7-1/2 months

[Phase II Prototype Deliveries 7 months 7 months

Phase UI Final Report 9 months 10 months

LPhase MI Shipboard Installation 12 months 8 months

SPhase III Final Report 15 months 13-1/2 months

From the above summary it is concluded that the delivery of the Phase I
and Phase II final reports are one-and-a-half months behind
schedule.

Phase III systems delivery is four months ahead of schedule and the pro-
gram final report one-and-a-half months ahead of schedule.

L The only portion of this effort currently funded and included in this
report is Phase I covering basic research, development, and subsystem
demonstration testing.

The schedule shown in Figure 4 depicts the 4-task program included
in this final report.

The Task I advanced system trade studies were completed as scheduled
in Figure 4 during April and May of 1972. They formed the basis for1. the subsystem selected for detailed design and evaluation testing under

I5I
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3.0 TECHNICAL DISCUSSION

This section includes a trade study of candidate systems considered for
the advanced waste treatment gvRtprn 11ntr rJIvP1nnAflt _h, Th•o^L-

Subsystems selected for the candidate waste treatment system including
"IT! pretreatment system, primary treatment system, solids incineration,

and secondary treatment system have been subjected to extensive labora-

tory testing. Data from this testing is presented in Section 3.2 Sub-
system Development and Testing. The results of the subsystem testing
were used to prepare a detailed prototype system design. A review of

71 tb.a detailed prototype system design, testing of the prototype subsys-
,11 tems, and finally the demonstration testing of the completed subsystem

"are presented in this section. Preliminary reliability assessment of
the system is also included.

Design requirements used ior the Phase I design and devlopment testing
effort are listed in Table I . Basically the requirements include the
capability to receive an average of 5,200 gal of raw sewage per day
containing 800 mg/l suspended solids and 600 mg/l of biochemical
oxygen demand. These contaminants must be reduced to a level of
80 mgA of suspended solids and 50 mg/l of biochemical oxygen demand.
In addition requirements include shipboard interfaces and marine engineer-
ing aspects of the overall treatment system. These Navy specified
design requirements have been used as a guideline in the overall design
and development testing effort.

3.1 Advanced Subsystem Trade Studies

The basic approaches to processing sewage waste are summarized on
the flow diagram presented in Figure 5 . As indicated, the treatment
process generally involves the following basic steps.

Pretreatment Tertiary Treatment

Primary Treatment Solids Disposal

Secondary Treatment

Within each of the steps, as noted on the flow diagram, several chem-
ical engineering unit operations can be involved. Further, dependent
upon the type of system employed, some of the steps may not be required.

In larger municipal systems pretreatment may involve grinding and
screening to remove obstructions '--- to reduce particle size, chlori-
nation, and grit removal, all of which aid the subsequent unit opera-
tions.

9
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5 TABLE I

SUMMARY OF REQUIREMENTS

PERFORMANCE

Influent Physical .04 (I,,.. C•irt-c-ersut. -
Suspended Solids 800 mg/i
Btochemical Oxygen Demand (BOD) 600 m/Ir

SpH 6,7 to 8.4Temperature

Maximum 95" F
Minimum 28'F

System Capability (Flow Characteristics)

No. of Men 200Maximum Flow 34 gal/day/man
Minimum Flow 22.6 gal/day/man
Average Flow 26.2 gl/day/man
Surge Capacity 300% of average

Effluent Requirements

Suspended Solids 80 ImngBOD 60 mgAi
Coliform (most probable number) 240 mpn/100 mi

S~PHYSCAL
Weight Minimum
Height Not tomeceed-eab feet
Durability Capable of intermittent operation for short times and

capable of being secured for long periods
Damage Protection Protection against entry or damage from small metal and

other durable objects

ENVXRONMENTAL

hSbo-k Meet requirements of MIL-$S-901
Ambient Temperature

Maximum 
140'F

Minimum 40'F

Service
eriPermanent Trim 2 deg from normal horizontal plane

Permanent List 3 deg either side of verticalPitching 5 deg up or down from horizontal plane[ Rolling 30 deg either side of vertical (10 aeo period)

SANITARY

System to remain age and sanitary and not create offensive or dangerous odors

MEATERIALS

Suitable for shipboard operation

10
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The purpose of the primary step in the sewage disposal system is to
separate the liquids and the solids and it Is generally accomplished bycn rncr :L U1-° ......... 16. "i v1rzi

Coagulation Flotation

Centrifugation Clarification

Filtration Distillation

Flotation, centrifugation, and clarification rely on the relative densities[ of the solids and the liquids and the buoyancy or gravitational loads,
while the major process parameters in filtering are particle size and
pressure drop around the filter and the filter cake.

Colloidal solids are sometime flocculated with either chemical addi-
tives or by electrolytic action. The coagulation process generally is
used to make the separation of solids more efficient.

After the liquids and solids have been seperated, there are always some
colloidal solids, dissolved solids, and a significant amount cf bacteria
remaining in the system. The secondary treatment step is designed to

jreduce these contaminants. The secondary treatment step is usually
accomplished by one or more of the following.

[ Aerobic biological processes Permanganate

Chlorine or hypochlorite Ultraviolet light

Ozone Chlorine dioxide

In each of the unit operations, the basic function is to reduce chemical
and biological oxygen demands and disinfect the effluent.

I. After receiving secondary treatment, generally the treatment plant
effluent can be discharged into rivers, lakes, streams, or the ocean.
If it is intended that the treated water be used for culinary purposes, or
the control of eutrophication, it must receive tertiary treatment which
removes collodial and soluble materials such as phosphates, ammonia,
and objectionable salts, such as iron and magnesium sulphates.

Tertiary treatment is usually accomplished by one or more of the fol-
lowing unit operations.

SDistillation Reverse osmosis Sorption

Ion exchange Electrodialysis Foam stripping

S.Adsorption Microscreening

j12
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I The major process parameters for distillation are relative differences
In vapor pressure of the water and various organic compounds in the

Sseware. Ion exchange remhirpA arVflftt it% a, c-b n -rino cr"

which caii remove dissolved solids. Reverse osmosis also is used to
remove dissolved solids through the use of high pressure and permeable

* membranes.

Adsorption uses activated carbon for removal of dissolved and suspendedI organic materials.

Tertiary treatment, however, is not a current requirement for ship-
board systems.

After the separation in the primary and secondary treatment steps, the
solidb are generally disposed of by anaerobic digestion, vacuum filtra-
tion, incineration, or wet air oxidization followed by incineration or
air drying.

The candidate subsystems selected for Thiokol's advanced waste treat-
ment system include the following.

j . Pretreatment

(a) Maceration
I (b) Prescreening

2. Primary Treatment

IZ (a) Screening
(b) Chemical Coagulation
(c) Centrifuge Solid Sepa•ration

3. Secondary Treatment

(a) Oxidizing Chemical Addition
(b) Electrolytic Generation of Oxidizing Chemical
(c) l ltraviolet Light Reaction Rate Acceleration
(d) Catalyst Reaction Rate Acceleration

S4. Tertiary Treatment (None Required)

Test results presented in the report provide data on the selected sub-
systems. Briefly the rationale which was use in the selection of base-
line waste treatment subsystem follows.

1
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3.1.1 Pretreatment Subsystem

Tradeoff parameters for the pretreatment system investizated were:
I Power Requirements i

Fiow Capability

Cost

The performance requirements for the pretreatment system are:

IRemoval of Foreign Objects 100%

Solids Removal 30 to 50%

I Particle Size Conditioning 0.060 in. dia max

To meet the requirements and match tradeoff parameters, a number
of pretreatment macerators and separators were evaluated to deter-
mine their suitability for incorporation into the waste treatment system.I Equipment evaluated include:

Nomenclature Ml.-ilfacturer Brief Description

Hydraulic Macerator Thi,.ko1 High pressure jet
grinder

Industrial Food Waste Gr'ienaler Rotating blade me-
Disposal chanical grinder

Home Food Waste Dis- Hotpoint Flailing hammer
posal grinder

Macerator-Pump Moyno Rotating blade me-
chaiical grinder

Macerator-Toilet Raritan Snn"l marine toilet
_.,ater pump,

, .zi tank, and
S,-,blade mac-

Belt Conveyor-Separator Thiokol Sinall flatbelt, large
particle separator

Tube Screen Separator Thiokol High angle longitu-
dinal static bar
screen

I Hydrocyclone Separator Borg-Warner Hydraulic Cyclone

Hydrocyclone Separator Okla. State U. Hydraulic Cyclone

1 14
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Nomenclature Manufacturer Brief Descripti mn

Pressurized Gravity Thiokol High pressure set- I
Hydrasieve Screen Bauer Static bar screen

Filter Bag Systcm GAF 5 and 25 micron
polyproplene filter
bags

All tests were performed at ambient temperature using clean tap water
as a carrier for material to be macerated and/or separated.

Basic test media used in these tests consisted of paper and fabric
materials such as toilet tissue, paper towels, and sanitary napkins.
Also used were vegetables and other foodstuffs, including lettuce,
celery, frankfurters, vienna sausages, corn shucks, etc. Raw sewage
was used in the pressurized sedimentation tests and the Gaf filterI bag tests.

From the subsystem development testing, it was concluded that the
hydraulic macerator, the Gruendler disposal, and the hydrasieve screen
were candidates for use in the pretreatment system.

The hydraulic macerator c .1 grind solid waste materials into homo-
geneous sized bits suitable for pumping and subsequent further proces-
sing in the waste treatment system. Influent containing the material

I to be macerated enters the low pressure vortex area of the macerator
and is swept into the swirling stream generated by the high pressure
(1,000 psid) jets. As the material spins in the cylinderical chamber,
it is repeatedly passed through the jet streams and is cut into progres-
sively smaller bits by the slicing action of the jet streams.

i The hydraulic jet macerator is relatively insensitive to influent flow
variations within the maximum flow capability for a particular size
unit. This feature evolves from the capability of the unit to release
free water (or other liquid) at the same rate as recieved, retaining
only the solid matter in the chamber. Free water flowing through the
unit does not degradate the maceration process.

I The macerator is directly scalable to large or small sizes, and jet
pressure may be varied upward or downward as rcquired by a particular
application. A full size 20 gpm hydraulic jet macerator was subjected
to rigorous testing. Overall performance was superior to that of any
other type of macerator tested. It was determined that the hydra ;1:..1 macerator was capable of grinding up to 250 grams per minute, *
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weight, of the most difficult materials expected to be incountered in
I -- '-,-r" 0 ' •L )OiAvl lIa•yL.•O.

The Gruendler Model C-15.1 fond waste disposer is a dlrcct couplcd
rigid rotating blade mechanical grinder powered by a 1. 5 hp ac motor.
This unit is in general use in restaurants and cafeterias and aboard
U.S. Naval vessels. The Gruendler unit was tested for determinationr of: maximum and minimum flow tolerance level, maximum solids

tolerance level, consistency of macerated material, and for relative
difficulty of feeding solids. It was found that the unit was tolerant of[high flows. Up to 55 grams of solids and -30 gpm of water were passed

through the unit successfully. Macerated material was finely chopped

and of good consistency.

The Bauer hydrasieve is a static bar screen separator in general use

as a slurry thickener and sludge dewatering device. The bar screen

consists of specially shaped transverse bars with 0. 060 in. slot widthb.
The screen is angled from the vertical at three progressive slopes;

beginning at 25 deg at the upper level, 35 deg through the center sec-
tion, and approximately 45 deg in the lower section. The headbox is

fitted with a shallow weir to provide even flow distribution. The indi-
vidual bars of the screen are contoured to present a curved surface
to the lower side of the thin stream, whereupon the stream attaches,

Ii producing a laminar flow hydraulic shear which tends to bend the stream

around the curved surface and discharge the free water through the
slots. This phenomenon is a fluidic principle known as the Coanda

effect.

A 6 in. wide laboratory type, demonstration model, Figure 6, was 4

subjected to flow testing using finely macerated toilet tissue and paper

towels in clean water.

L Overall results were excellent. Very little blinding occurred and self-

cleaning action was good. Most of the free water was separated satis-

factorily at flow rates to 10 gpm.

The full scale hydrasieve will have an 18 in. wide screen and flow
baffles. It will be capable of separating solids at flow rates up to

30 gpm, when subjected to the following conditions:

Temperature: 40° to 120`F Permanent Trim: + 2 deg

I Roll: + 30 deg for 10 sec duration Permanent List: + 3 deg

SPitch: + 5 deg Shock: MfL-S-9011 16
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3.1.2 Primary Treatment

Systems evaluated as candidates for primary treatment included
filtrat•on, clarlfc atdon, and combined screening centrifugation.
The filtration was eliminated from consideration early due to its
tendency to blind following receipt of very small quantities of
material. It has inherent problems of high filtration pressures and
problems associated with backwashing the filter to remove raw
sewage. Several companies manufacturing bed type filters were
contacted. In every instance, the filter approach was not recom-

mended as being an available system for treatment of raw sewage.

Clarification is considered a simple and inherently reliable method
for treatment of raw sewage. However, it does require the addition

of chemicals to achieve the required settling in a short period of
time. Also, it suffers from the inherent disadvantage of being
subject to shipboard rocking motion. Preliminary screening tests
were conducted with sewage chemically treated and settled in labora-
tory glassware. A slow rocking motion of the container caused
sufficient agitation to redistribute the settled solids.

Mechanical methods of solids separation considered included various
types of screening devices and centrifuges. Evaluation of available
data and Thiokol conducted tests on raw sewage indicates that the
centrifuge is inherently capable of removing in excess of 80 percent
of solids from raw sewage. The efficiency of the centrifuge can be
increased by the use of fine screening devices such as the SwecoI
vibrating screen in conjunction with the centrifuge. However, this
does add to the complexity of the centrifuge system.

As a result of the tradeoff study and the overall goal of obtaining high
system reliability, it was decided to limit mechanical sep*.ration

e;:j".pment to a single piece of equipment. Therefore, the data pre-
sented was obtained using a basket type centrifuge which received
influent from sewage pretreated in such a manner as to feed the

centrifuge with an influeit which was compatible with the capability
I of the machine.

The centrifuge was also considered in conjunction with the use of

£ chemical additives. Results presented in Section 3. 2.2 of this report
I indicate that ferric sulfate in combination with various polyelectrolytes

can improve the performance of the centrifuge. Other additives such
as lime and alum are in routine use in the waste treatment industry
to enhance solid separation. However, the use of additives again
increase the complexity of the overall system. Based upon the overall

waste treatment system objective of simplicity and high reliability it

1!1



f was decided that a slight compromise should be made in the perform-
ance of the primary treatment system and that the basic design goal
uV i!he syWTIm nonUia be to develop a centrifuge technique to remove
at least 80 percent of the suspended solids. The balance of the sus-
pended solids required to mcct the Navy specificationi will 4e renioved
by the secondary treatment system.

1 3.1.3 Secondary Treatment System

The secondary treatment considered in this trade study removes
SI finely divided suspended solids and dissolved solids remaining in the

waste effluent. In conventional sewage treatment this is accomplished
by aerobic digestion in trickling filters followed by ,larification.
Since a substantial quantity of dissolved solids remain after even
100 percent efficient primary treatment, it is necessary to find a

I replacement t'eatmeat method for the standard biological process.
Thiokol actively considered the use of ozone, electrolytically
generated hypochlorite, and chemical addition. Chemical addition
was discarded due to the overail desire to restrict the size of the
system and its operating supples.

i A primary consideration for Navy applications is that waste water
always contains at least 7,000 mg/I of sodium chloride. This salt
can be electrically converted to sodium hypochlorite which can
accomplish the chemical function of oxidizing dissolved solids.
Another available raw material is oxygen which can be converted to
ozone using commercially available ozone generating equipment.
This ozone also possesses the capability to oxidize the solids from
available raw materials. Manufacturers of ozone equipment andI producers of electrolytic cells to generate hypochlorite were con-
tacted and equipment was compared. The ozone generating equip-
ment was found to be comparatively large and the ozone generating
efficiency low compared to the efficiencies that can be obtained in
converting salt to hypochlorite electrolytically. Also the ozone was
considered to be a highly toxic gas and would require more restrictive
safety measures than electrolytic conversion of salt to sodium
hypochlorite.

The above considerations led to the selection oi electrolytically
generated hypochlorite. However, it was determined that the reaction
rate obtainable with concentrations of hypochlorite up to 3,000 rag/1 were
far too slow for the Navy fluid stay time of 30 to 60 min. In fact,
it was determined that a period of days may be required to achieve
the required oxidation. It was known, however, that the reaction
rate can be accelerated several hundredfold through the use of

accelerators. Candidate accelerators considered included ultraviolet

1 19
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light and chemical catalysts. The ultraviolet light system was in a
comparative high state of development since ultraviolet lamps are
available commercially for blueprint machines and highway arc
iuatip among others. Also the Midwest Research Institute has con-
___ducted substantial research which shows that the ultraviolet light
c an be used efficicntly to accelerate the reacion rate between sodium
hypoehlorite and sewage. This availability of hardware and technology
associated with the ultraviolet light as an accelerator- led to the
selection of the ultraviolet technique in combination with electrolytic
generation of hypochlorites for the secondary treatment system.
However, Thiokol recognized the potential advantages of the catalyst
system and elected to continue exploration of the catalyst system as
a potential replacement for the ultraviolet light under Thiokol sponsored
research. As of the time of this report the catalyst development has
proceeded to the point that it is considered to be a candidate replace-
ment for the ultraviolet light system.

[.2
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3.2 Subsystem Development Testing

1 The development testing reviewed in this section was accomplished

system, furnished by Thiokol, was used in furnishing test data supplied
to the Navy in supDort of Thiokol's proposal. Using this equipment,
Thiokol obtained early pilot plant test data and design information to
be used in fabrication and testing a 200 man prototype system for
continued Phase I testing.

j 3.2.1 Centrifuge Testing

Centrifuge testing in support of the Navy waste treatment system design
involved the conduct of screening tests to evaluate the solids separation
efficiency of various type machines and evaluation of inorganic and
organic flocculating agents to improve solids separation. Results of
the testing to date are discussed below. On the basis of the test re-
sults, a basket type centrifuge was selected for the Navy system.

3.2. 1. 1 Screening Tests

There are three basic types of centrifuges commercially available: the
disc, the basket, and the solid bowl-scroll conveyor. A brief description
and summary of various operating parameters characteristic of these
machines is presented in Table ll. Preliminary testing of each of these
types of machines was conducted in the Thiokol M-85 Pilot Plant. Raw
sewage, containing 3 percent sodium chloride, was used In the tests
to simulate marine service. The results of these tests, expressed in
terms of percent suspended solids removal, are presented graphically

in Figure 7. The disc machine is observed to achieve highest centrate
clarity followed closely by the basket unit. The scroll conveyor centri-
fuge produces moderate centrate clarity with scroll movement but is
increased significantly with 0 differential scroll speed (intermittent
scroll operation). Based on these tests, and because the basket type
machine is inherently a reliable simple machine requiring little
maintenance (plugging problems were experienced with the disc machine
during testing), the basket centrifuge was selected for use in the marine

waste treatment system.

A 20 in. diameter basket centrifuge we-3 received and installed in the
pilot plant for use in the Navy sewage treatment system. Solids re-
moval tests conducted on the machine and a 14 in. diameter subscale
basket centrifuge gave suspended solids removal percentages of 90
to 84 and 88 to 73, respectively, over flow rates of 0.5 to 3.0 gpm,

as shown in Figure 6a.
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S3.2.1.2 Polyelectrolyte Tests

S3 .Many inorganic and or-ganic flocculating agents are available to in- II
crease the settling rates of waste sludges. Commonly used chemicals

iniclude lime, alum, ferric salts, and water soluble poiyeiectroiytes.
Relatively low dosage requirements characteristic of the polyelectrolytes
make them somewhat attractive for marine usage to improve suspended
solids removal in the centrifuge. Jar tests were conducted with several
leading polyelectrolytes including cationic, anionic and nonionic types.
A list of the polymers evaluated, the test matrix used, and qualitative

I results are presented in Table Ill. It is concluded from the tests that
the polyelectrolyte alone does not significantly increase suspended
solids removal and that it must be preceded by the addition of a ferric
salt to provide hydroxide pin flocs. The polymer then accelerates
floc formation and settling.

Preliminary tests were conducted with the basket and scroll conveyor
centrifuges to evaluate performance with chemical treatment of the

I. feed. Methods of addi'.ion consisted of rapid mix of a ferric salt in
a premix tank, and addition of the polymer at (a) the premix tank,

|I (b) the centrifuge inlet and (c) the influent line upstream of the centri-
fuge. The latter addition method appeared to achieve better results.
Although clarification may be improved through chemical addition,

I the 80% suspended solids removal achieved without chemicals is con-
-. sidered adequate for overall system performance problems.

L
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3.2.2 PEPCON/UV Studies

J~~~S .2.2. diri Tiu

-Durng this peeriod calibrat!on tests were conducted on the PEPCON
Selectrolytic cells used in the secondary treatment system. The

objective of the secondary treatment section of the Thiokol marine
waste treatment system is to oxidize dissolved organic compounds and
sterilize the effluent without chemical addition. Operation of the waste
treatment system in a marine environment provides access to a common

Iraw material sodium chloride, which is easily converted to sodium
hypochlorite by electrolytic oxidization. The sodium hypochlorite,1 properly catalyzed, is capable of performing oxidation and sterilization.

The equipment selected to generate sodium hypochlorite is a PEPCON
electrolytic cell produced by Pacific Engineering and Production
Company of Nevada. The 500 sq in. anode model cell to be used in the
marine waste treatment system was calibrated in the pilot plant for
sodium hypochlorite generation. Three percent salt water was used
to simulate sea water. Flow rate, current density, and inlet tempera-
ture were varied. The results of these calibration tests are presented
graphically in Figure 8. The data from the above tests and UV reactor
tests are used to size the secondary treatment system.

3.2.2.2 Hypochlorite Utilization

In order to evaluate the utilization of sodium hypochlorite in Chemical
Oxygen Demand (COD) and Biochemical Oxygen Demand (BOD), reduction
tests were conducted generating and catalytically reacting hypochlorite
Incrementally. Samples were taken and the net change In NaCIO con-
centration, COD and BOD were determined. The theoretical hypo-
chlorite requirement per unit COD reduction is calculated as follows:

NaCIO = Equiv Wt NaCIO - -74. 45 = 4.65
COD Equiv Wt 02 16.00

The hypochlorite consumption shown in the Figure 9 closely approaches
this value indicating efficient utilization. The amount of BOD reduction
for a given hypochlorite reduction appears to be variable from the
data obtained.

3.2.2.3 Pilot Plant Performance

Several test runs were accomplished in the pilot plant on a continuous
flow basis. Performance of these tests as a function of BOD and COD
reduction is summarized in Figurelo. A simulation of the secondary
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I treatment system proposed for the Navy was tested and the results
are summarized in Figure 11.

Typically, the COD of the influent is reduced by 40 to 50 percent in
I the centrifuge. The remaining COD I reducedi in the secondary treat-

ment by the approximate rate of 0.2 mg/I COD/ppm NaCIO consumed.

1 3.2.2.4 Centrate S/S, BOD Studies

The effectiveness of suspended solids removal during primary treat-

ment on total system performance was evaluated. Duplicate secondary
treatment tests were conducted using two different feeds. One feed

-' was prepared in the basket centrifuge and the second feed prepared in
a flocculating tank using 200 ppm ferric sulphate and 1 ppm Calgon wt
2700 polyelectrolyte. As shown in Figure 12, the COD reduction in
the primary system using the centrifuge amounted to 50 percent and
with the polyelectrolytic 71 percent. The difference in COD reduction
during primary treatment amounts to 300 mg/i which is equivalent

to a NaCIO dosage of 1,500 ppm during secondary treatment.

It can be concluded that higher efficiency during primary treatment

will reduce the loading on the secondary treatment system. The
secondary system is, however, capable of handling the additional COD
loading by merely increasing the NaC1O dosage.

3.2.2.5 UV Reactor Diameter Studies

In order to catalyze the decomposition of sodium hypochlorite, and

therefore, the oxidation rate of dissolved organics in sewage, a photo
chemical process has been selected. A concentric reactor containing

an ultraviolet light source at the center surrounded by the process
I liquid will be used. This equipment was characterized in terms of

sodium hypochlorite conversion as a function of reactor volume, inlet
temperature and flow rate. The results of these characterization

tests are shown in Figures 13, 14, and 15 indicating little effect in
changing reactor volume (diameter) and a minor temperature dependency.
These data were used to construct Figure 16 which defines the sodium

hypochlorite conversion rate as a function of residence time (reactor
volume/flow rate) in the reactor.
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3.2.2.6 Ammonia/Urea Effects

A Literature stuay nas indicated that NIL3 is detrimental to tie UV
catalyzation of the OCI- reaction with organics. Figures 17 and 18
arc om. this report and sh th- cffcc' of 23 pp-h- of amonia.

Examination of this data indicates these experiments were conducted

under conditions of insufficient OCI-. Tihis can be seen in the decrease I
reaction rate at 16 minutes in Figure 17 and the increase in reaction
rate at 23 minutes when chlorine was added. As seen on Figure 18,
the insertion of the lamp did not catalyze the carbon reaction (slope

did not change). This was due to the reaction of the hypochlorite with I
the NH 4 compounds piesent. This can be seen in the decrease of[ chlorine content from 11 to 17 minutes with no COD decrease. After
the reaction had taken place, the additional chlorine added at 18 minutes I
did react with the organics. This study would indicate that ammonia
must be eliminated prior to chlorination or sufficient chlorine be avail-
able to react with the NH 4 compounds before the organic materials can

be decomposed.
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3 3.2.3 Ultraviolet Oxidation Research

I The Midwp..t RPRP.nreh n~hlto h MhI_ ha rc-

search in support of Thiokol's pilot plant testing to optimize the ultra-

| violet oxidation process. The overall objective of the MRI effort was
to firm up operating characteristics of the system applied to treat-
ment of shipboard waste. MRI applied a wealth of information
generated under MRI programs and supported by Federal Water

Quality Administration research projects. In support of the program
a small bench scale unit was set up consisting of one high intensity
UV lamp (83. 7 watt output) and one small PEPCON electrolytic cell.

The system was capable of treating one gallon of centrate at various
circulation rates. The centrate treated by MRI was normally shipped

frozen by Thiokol and thus the data was directly comparable to
Thiokol test results. A number of significant technical areas were

evaluated and are briefly described in the following sections of this
report.

3.2. 3.1 High Pressure Lamp Treatment Efficiency

The General Electric UA-37 high pressure ultraviolet lamp was selected
[ ~~~as the baseline lamp for the Navywat tramny tem. Tfs lamp

has a power requirement of approximately 3, 000 watts and has a UV
output ratio to power input of 0. 26. A comparison on this lamp to
other available lamps is presented in Table IV. A small Hanovia lamp
was used for the MRI experiments and is very similar in characteris-

tics to the General Electric lamp. Ultraviolet reactor efficiency is
calculated as a relationship between net COD reductions per unit of
UV lamp output. For purposes of the MRI investigation, the following

equation was used.

E A COD x Flow Rate (liters/minute)
Lamp UV Output

SFor the Navy system utilizing four 742 watt lamps, the available UV
efficiency is:

E 600 x 2. 5 x 3. 785
E 4 4x742 1.92 mg/w-min

A considerable amount of MRI testing was associated with obtaining
the operational UV efficiency with the selected high pressure lamp

system. Data obtained with Thiokol furnished centrate in five sepa-

rate runs arc summarized in Table V. A review of this data indicates
that the UV efficiency varied from 0. 12 to 0. 34 rng/w-min. These

values arc of course substantially lower than theoretically obtainable
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II

I assuming 100 percent UV efficiency. It is noted that the highest
efficiency of 0.34 mg/w-min was a sample which had ammonia re-

ments M85-041A and M85-056A indicated that UV efficiencies of
0.94 and 0. 53, respectively, have been nbtained. Review of the
circumstances surrounding the Thiokol test indicated that they were
conducted at higher flew rates with associated turbulent flow. This
led to additional testing by MRI to evaluate the effects of turbulence.

3.2.3.2 Effect of Turbulence on Cell Efficiency

.1 MRI varied conditions in their experimental reactor by varying the
flow rate from 1. 8 thru 5. 2 gpm, as listed in Table VI. This data
increased the flow rates in resulting Reynolds numbers in the same
range as the Thiokol test data mentioned above. The UV efficiencySwith the high pressure lamp ranges from 0. 15 to 0. 18, thus not pro-

viding the desired efficiency improvement. BOD and COD removal

efficiency is shown in Figures 19 and 20. The flow rates were varied
from 1. 8 gpm to 5. 2 gpm in this data with no substantial difference
in the treatment efficiency. It was concluded that this turbulence has

| no significant effect in improving the treatment efficiency.

3.2. 3.3 Low Pressure Lamp Treatment Efficiency

A series of tests were conducted with both high and low pressure
lamps and the results are listed in Table VII. A series of glucose

Soxidation experiments were conducted using various ammonia/urea
concentrations and different lamps. It will be noted that the treat- 'I
ment efficiencies vary from 0. 14 to 2. 70. The highest treatment
efficiency was obtained with a low pH and a low pressure lamp system.

Ammonia present as either ammonia or urea adversely affected the
treatment efficiency during the first 20 min of operation with the
high pressure lamp. The data also includes the testing of a new high
pressure lamp with a significant improvement in efficiency over the
high pressure lamps which have been tested over a period of time. 4
Evidently the high pressure lamp loses some of its output in testing
in the wavelengths sensitive to the hypochlorite organic oxidation1. reaction. It is concluded from this testing that shipboard centrate
can be treated much more effectively with hypochlorite and low in-
tensity short wavelength radiation obtainable from the low pressure
lamp. However, due to the lower intensity of this lamp, approxi-
mately 32 of the lamps will be required to produce the required
photochemical decomposition of organics In the Navy system. This
compares to 8 tc 12 high pressure lamps.
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TABLE X11

I SU.VARY OF GLUCOSE OXIDATION FXTV.Q•11,.•r.1zý/' ii
Initial. UV Efficiency

t" ~Hypoochlor ito-t-D (n4// rain)..

an- No. Conditions pH Ranse (Trn!) 0-20 m•r• _ .

13 No aUt,,itive 7.0-8.6 1,900 0.39 0.39

14 50 mg/1 ammonia N 7.1-7.6 1,350 0.14 0.44

15 50 mo/' ammonia N 6.6-7.7 1,800 0.22 0.45

16 50 mg/1 urea N 6.5-7.7 1,500 0.14 0.35

S 18 New (high-pressure) lamp G.5-7.9 1,800 0. 3 41 /. O.86&/

19 Low PH, new (high-pressure) 3.0-6.0 1,500 0.97 0.97
lamp )

21 Low pH, low-pressure lamp 3.3-5.0 1,700 2.70 2.70

I a Reactor voliimc, 290 ml; reactor thickness, 1/2 in.; flow rate, 5.2 gpm; 2.48 g glucose

in 4.0 e; initial NaCl concentration,
The "initial hypochlorite" concentration is the concentration at the timc the WV

• lamp is turned on.

_ In 20 min the reaction mixtures reduce about 1,600 wmin/gal; the lamp emits 83.7 w

Sof 1V energy and the volume of solution treated is 1.05 gal (4.0 L).
" n Run No. 18, the initial period of low UV efficiency lasted only about 16 min (see
Figure 9). Since no urea or anmonia was added, we believe that the initial low

_UV effiiency was the result of using a new lamp. In a subsequent experimcnt

(Run 19) there was no initial period of low UV efficiency.
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3.2. :s. 4 Chlorate Formation

Another data point obtained was the degree and effect of chlorate

formed by the PEPCON electrolytic cell in conjunction with the UV

lamps. The glucose oxidation experiments were continued varying

pH and the type of lamp used in the oxidation step, Data is sum-
marized in Table VII. A series of six tests resulted in chlorate
formation rates ranging from 2. 8 to 4.3 mg/l-min from the PEPCON

cell alone and was as high as 23 mg/I-min using the high pressure
lamp and the PEPCON cell. The rate was substantially lower with
no significant increasc in the chlorate formation rate using the low
pressure lamp. The presence of chlorate has been shown to have an
influence on the COD analytical methods. As indicated in Figure 21,
the chlorate concentration of 1, 000 mg/l will result in a COD value
which is about 125 mg/l lower than actual. Duplicate BOD determt-
nations on samples containing 50 and 100 mg/l of chlorate indicated
no significant effect on the chlorate analysis.

3.2.3.5 MRI Test Results Summary

1. The urea and/or ammonia present in fresh centrifuged
sewage water Lemporarily inhibits UV hypochlorite oxi-

dation of organics diminishing the efficiency of UV
radiation.

2. Organic matter in the centrate is oxidized by
UV hypochlorite but less efficiently than are substances
such as glucose and formic acid. There is no fundamental

reason why the oxidation of organic matter in sewage can-
not be accomplished in an efficient manner.

3. Low intensity of lamps which deliver a relatively high

"proportion of short wavelength radiation gives a sub-
i i stantially higher yield or efficiency than do the higher

,, intensity lamps presently incorporated in the shipboard
system design. The possibility of using the low pres-
sure lamps in the system should be explored. It must
be recognized that approximately 32 of the presently
available low pressure lamps will be required. They

would require a reactor approximately 20 in. by 20 in.
"by 5t in. high. Also, there is a possibility of obtaining
"higher intensity low pressure lamIps which radiate light
in the same wavelength.

48



I
TABLE VIII

CH{LORATE F•).MATION RATES

L U
I Chlorate Formation Rate

pil (ma/•min)

"R un No. 'xperlment Range In The Dark UV Irradiation

15 Glucose oxidation
(50 mg/I N•H3 ) 6.6-7.7 4.3 23

1 16 Glucose oxidation
(5 m(g/ urea N) 6.5-7.7 4.2 15

18 Glucose oxidation
(new high-pressure

lamp) 6.5-7.9 3.8 14

19 Glucose oxidation
(new lamp, pH 5) 3.0-6.0 2.8 10

20 Centrate oxidation

(new lamp, pH 4) 2.9-4.0 3.6 11

21 Glucose oxidation

(low-pressure lamp,
phl 4) 3.3-5.0 3.70

a/ The Pepcon cells remained on continuously during the experiments, cx-

cept for the irradiation step in 1Bun No. 21.
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S4. Data indic-ites that new lamps -xerformed more efficiently
than old high pressure lamps. This also suggests that the

low pressure lamp having a higher percentage of the

desired wavelength could have better aging characteristics.

r. Chlorate is generat, , aL inuderate rates with the PEPCON
electrolytic system. This chlorate will have an affect on

the COD analytical method and it will also require addi-

tional energy output from the PEPCON cells. The rate of
chlorate formation is accelerated by the use of high pres-

1* sure ultraviolet lights.

3.2.3.6 Secondary Treatment Conclusions and Recommendations

The experimental data described in this section of the report on the

UV system has been confirmed by full scale data obtained from the
Navy prototype system. It indicates that the high pressure UV lamp

system utilizing GE UA37 lamps has UV efficienci"s varying from . 12

to .34 milligram per watt-niinute compared to 1. 9 milligram per ,
watt-minute design goal to obtain the desired COD removal by the
Navy system with four lamps. The efficiency level can be raised to
around one milligram per watt-minute using low pressure UV lamps.

However, low pressure lamps with sufficient intensity are not cur-

rently cummerically available. 73ased upon these considerations it

was decided to initiate a comparative evaluation of Thiokol catalyst

versus the high pressure UV lamp system. This testing is reviewed in

Section 3. 3 of this report and indicates that the catalyst system will

meet the Navy treatment requirement with four 200 lb catalyst columns

I replacing the UV high pressure lamps. Data also indicates that the

Navy treatment requirements can also be met by increasing the number

of UV lamps from 8 to 16. It is recommended that the Navy select the

Scatalyst system for the 200 man advanced waste treatment application.

This selection will allow smaller overall system size, decreased weight,

and lower power consumption. Thiokol has demonstrated catalyst per-

formance during the past year as summarized in Section 3.3. 2. 6. The

catalyst is based upon the use of technology developed in the chemical

and petroleum industries and this has a strong basis for success. It

has been demonstrated to have a life of over 6 months and a commercial

source, Union Carbide, is being developed to manufacture the catalyst

I for under $2.00 per lb.

5
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I 3.2.4 Solids Decomposition

1 3.2.4.1 Burner Evaluation

I • Two types of burners have been evaluated to date. The first type is
4, an cordinary heatin.g furnacc natural ,r,.t burner. T his burne•r per-

formed very well when converted to a forced draft unit by the use of
blowers available in the laboratory. The burner has a blower which
is an integral part, but is too small to supply enough excess air for
the incinerator. The burner operates and fires very easily and is not

,. sensitive to a wide range of air to fuel ratios. Since it is not a specialty
"-' item and is widely used as a heating furnace burner, it is relatively
-- inexpensive.

The second burner evaluated is a high pressure, nigh velocity burner.
"This burner has no integral blower or fuel pump and, therefore,

W .. these items must be supplied as separate items. Because it is a high
pressure, high velocity burner, it is very effective for fluidized bed

'I incineration tests. At small excess air rates, it seemed to be more
efficient because of the highly turbulent flame. Since this burner re-
quires extra controls, it is about 3 to 4 times as expensive as the
heating furnace burner. Another disadvantage is that the burner will
not operate in a wide range of air to fuel ratios.

It was determined that the ordinary heating furnace burner along with

an exhaust blower would be used in the final design such that the in-
cinerator will be operated under a negative pressure and all leakage
would be into the incinerator.

"3.2.4.2 Exhaust Emission Fvaluation

To evaluate the combustion and exhaust emission of the incinerator,
several thermodynamic equilibrium calculations have been made on
the products of combustion to determine the amount of each product
and the flame temperatures. These calculations are accurate if
equilibrium can be assumed to be in effect in the combustion chamber.
It is believed because of concentration gradients of the sludge in the
combustion chamber, that equilibrium conditions do not exit, however,
these calculations can be used as a guideline for incineration per-
formance. In the region of the burner, where the sludge has little
"or no effect on the fuel combustion, equilibrium calculations should
be quite accurate and can be used to predict the flame temperatures

and the amount of nitrogen oxides formed for different mixture ratios
of air to fuel. Table IX shows the results of some of the calcu.ations.

The flame temperature as a function of air to fuel ratio is shown in
Figure 22.
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TABLE IX

EQUILIBRIUM COMPOSITION 1
J,

IAir to Fuel Ratio 15 30 40 100

Equilibrium Temperature (7F) 3,450 2,120 1,675 770

Mole Fractions

CO 0.0063 -- -- --

C02 (G) 0.12 0.067 0.05 0.02

SH (G) 0.00019 -- -- --

HO (G) 0.0028 0.000025

SH 2 (G) 0.00097 -- -- --

H20 (G) 0.1 0.053 0.04 0.016

NO (G) 0.0039 0.00067 0.00015 --

[N 2 (G) 0.74 0.769 0.77 0.78

0 (G) 0.0004 -- -- --

10 2 (G) 0.017 0.11 0.13 0.18

SO2 (G) 0.00053 0.00027 0. 00019 --

S03 (G) -- -- 0.00002 0.00008

Studies have shown that oxides of nitrogen produced by the combustion

of fuel in air at these high temperatures are very close to the predicted
values as calculated assuming equilibrium conditions. The oxides of

nitrogen are quite stable, however, and the amount formed near the
burner is "frozen" after the addition of the sludge influent. The

amount of nitrogen oxides formed as a function of air to fuel ratio is

I- shown in Figure 23.

Sulfur emissions from the stack are dependent on the amount of sulfur

in the fuel and sea water. The amount of sulfur which is contributed

I from human waste is small. Assuming the fuel has I percent sulfur
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content and the sea water has the amount of sulfur as published in the
Handbook of Physics and Chemistry the amount ef sulfur as SO 2 per
hour is 0. 30 lb when burning at the rate of two gallons of fuel per
hour.

iOther pol'utai-e i Lhe flue gases which must be considered are the
different salts that are precipitated when the sea water is evaporated
from the sludge in the incinerator. Because of the high velocities

attained in the incinerator, 80 percent or more of the salts which are
precipitated in the incinerator are fluidized and blown out the stack.

Equilibrium calculations show that very little NaCl solid is formed
in the incinerator, however, because of concentration gradients and

the short residence time in the incinerator, it is believed that equilib-
rium conditions are not a good assumption for the calculationi of the
amount of the different salt species in the flue. If the influent could
be sprayed into the combustion chamber without nozzle plugging, then
the amount and types of species formed by the different salts would be
closer to the values as calculated assuming equilibrium conditions.
It is believed that most of the ionized species in the sea water are pre-

cipitated as sodium chloride solid, magnesium chloride liquid and
magnesium sulfate solids, however, an analysis of the flue gas particu-
late matter or the solids remaining in the incinerator has not been
made when using sea salt in the influent.

It has been concluded that to reduce the amount of pollutants in the

incinerator flue, the following criteria are necessary in the design
and operation of the solid separation and incineration system.

t 1. Flame temperature must be kept as low as possible and
still maintain adequate combustion of sewage solid material

I to reduce nitrogen oxide pollutants.

2. To reduce sulfur oxide pollutants it is necessary to use

a low sulfur content fuel.

3. Reduction of salt particulate matter can be accomplished

by increasing the efficiency of the solids separator and
thus reducing the total salt which is processed by theI incinerator.

4. To prevent the precipitated salts from melting and

also to reduce the oxides of nitrogen which are formed,
an air to f'!el ratio of approximately 40:1 is needed.
This also allows a high enough temperature for good

evaporation and combustion of the sludge.
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3.2.4.3 Incinerator Operating Performance

I The performance of an incinerator can best be evaluated by the follow-

, ing criteria.

1.. The ammo u '.n of Alud ctsutjed per1' ggalvlui u CIfuell burned.

2. The qualify of the stack emissions from the incinerator.

3. The frequency and amount of salt and ash removal.

I To evaluate the amount of sewage sludge which can be vaporized and
combusted per gallon of fuel, a look at a summary of test data should
be made. Table X shows a summary of the data from a series of
runs totaling 30 hours incineration operating time. The series of
runs shows an average of 4. 67 gal of sludge per gal of fuel burned.
The incinerator test apparatus is shown in Figure 24. Generally it
can be stated that a ratio of between 4 and 5 gal of sludge per gal
of fuel is how the incinerator has performed for most of the tests
to date.

The quality of the stack emissions is difficult to measure without
precise measuring equipment, however, a reasonably good evaluation

can be made by visual observation and detection of odors. Generally,

it has been observed that if the exhaust from the combustion chamber
is above 900OF that the stack emissions appear to be quite clean, and

no odors are detected. Analyses of the stack gases have been made,
but because of the very small concentrations of pollutants, it is
difficult to measure. Therefore, stack gas analyses are used pri-
marily for material balance calculations and the amount of air being

used, A stack gas analysis is shown in the test run, Table X.
This analysis was on a dry basis and if the amount of water is calcu-
lated from the hydrogen content of the fuel and sludge, the resultant
analysis would be.

IN2 61.5%

02 5.77%

CO2 5. 93,C7

H 20 Balance

The amount and type of particulate matter in the flue has not been

I measured.
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TABLE X

TYPICAL INCINERATOR TEST RUINS

Summary of Results

I Incinerator Operating Time (hr) 31.2

Sewage Feed Time (hr) 25.05

Number of Runs 9

Time of Runs (hr) 0.75 to 6.25

Volume of Sewage Feed (gal.) 96.5

IVolume of Fuel Oil (gal.) 21. 1

Ratio of Sewage to Fuel (avg) 4.67

I Chamber Exhaust Temperature Range (*F) 950 to 1, 600

Temperature Range Near Distribution Plate ('F) 925 to 1, 250

Temperature Range at Bottom of Chamber (°F) 1,200 to 1,800

Air Flow (cfm) 50 to 80

Feed Suspended Solids (Ib) 13

I Feed Total Solids (Ib) 37

Total Salt in Feed (Ib) 24

I Total Salt in Incinerator After 25 Hours (Ib) 3

Total Ash in Incinerator After 25 Hours (lb) Less than 0. 1

Stack Gas Analysis: Percent

N 2  84.4

0 2 7.9

CO 2  8

CO 0

NOTE: Gas analysis did not consider water vapor.

i
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!,I
J It has been found that most of the salt is fluidized and is blown out

the stack along with the ash. This minimizes the frequency and
amount of salt that will be required to be cleaned from the incinerator.
A 25 hour test showed that of 24 lb of salt that was fed to the incinera-
tor only 3.4 lb were retained. Figures 25 and 26 show the salt buildupii after the z5 hour period. One section in Figure 25 has been washed
to show the liner material. The salt was easily cleaned out after the
test with water. It is believed that even less salt would have been

retained if the air flow in the latter part of the test was not restricted
because of salt buildup in the excessively small holes in the distribu-
tion plate. Table XI summarizes the total operating test results on
the pilot incinerator from May through August.

I The test results proved to be quite meaningful, however, because
during this neriod of testing it was confirmed that if the incinerator
could be operaLed at relatively high velocities the chamb,.r and stack

I could be kept relatively free of deposits of salt and other particulate
macter.

IA steel bafflP section was designed such that it did not restrict the
gas flow substantially. This baffle section performed reasonably
well foi vaporizing and burning the sludge when the sludge was poured
into the baffled section. A sketch of the baffle used during the testing
is shown in Figure 27. Table XI lists the results of this baffle design
evaluation test.
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r T
I PILOT INCINERATOR TFST RESULTS

May-Jul* Aug-Sep**

SIncinerator Operating Time 70 hr 29 hr

rMoyno Pump Operating Time 66 hr 27 hr

[ Cumulative Time on Fused Silica Liner 74 hr --

Operating Time on Firebrick Liner - 29 hr

lb Salt Water Sludge Operating Time G6 hr --

L Quantity of Sludge Processed 280 gal 105 gal

I Operating Time on Steel Baffle -- 29 hr

L RESULTS

*Silica liner cracked and was replaced with firebrick liner.

L Moyno pump operation satisfactory.

Salt accumulation observed - has not affected incinerator operation.
Occasional cleaning will be required approximately every 25 operating
hours.

L **The firebrick liner was coated with Setskold cement. After approxi-
mately 20 hours of operation the cement started to blister and flaked
off exposing the soft brick which eroded quite rapidly in the severe
incinerator environment.

L
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S 3.2.4.4 Incinerator Materials Evaluation

j Materials play an important part in the performance of the incinerator.
Then three rnac znee :., en~cm .-.,!thin, the !fnc~neat.o req,.u.ire

materials selected and evaluated to provide an overall low maintenance
unit. Besides the (1) combustion chamber, (2) the sludge feed and com-
bustion baffle, and (3) the exhaust stack, overall insulation is also[ required.

Materials were evaluated to withstand the 1,8000 to 2,000F combus-
tion temperatures, the thermal shock conditions of sludge feeding,
and the hMph temperature corrosion and spalling of the baffle and
exhaust system.

The following materials have been evaluated and considered as incin-[ erator components.

I: 1. Mild steel

2. Titanium

[3. Stainless steel

L 4. Fused silica

1 5. Innulating firebrick

6. Refractory cements

I 1. Mild Steel - Extensive use of mild steel in the sludge feed
and baffle zone has shown the corroding and spalling associ-
ated with mild steel under the condition of high temperature,
thermal shock and corrosive environment. However, the
mild steel baffles have held shape and permitted various
designs to be tested. Operating life of mild steel compo-nents may be long enough to permit their use based on

long term replacement. Evaluation of flame sprayed
ceramic coatings on mild steel hns been conducted under
different conditions and it is believed that this material

L combination holds promise for incinerator use.

2. Titanium - A 3/8 in. thick titanium sludge distribution
plate appeared to oxidize quite rapidly when subjected to
the sludge combustion conditions. Warpage due to
thermal gradients was also experienced. No further
testing is anticipated.

C 5



I 3. Stainless Steel - Early tests using stainless steel as a
sludge distribution screen were entirely unsatisfactory.1 These screens (wire diameter of 1/16 in.) failed after

h .. uUL. ' ous -A 'uil Lh11I duu UJ 4 6L kLekuwI1 (Jý individual

wires. Testing of 310 stainless steel liners is called for dueI • to the high temperRt,,re (2, 2001F) corrosion resistance and
spalling resistance reported in the literature. Good per-
formance of the stainless steel liners is expected upon
review of encouraging results achieved with mild steel.

1 4. Fused Silica - The high density (110 lb/cu ft) fused silica
has been used primarily as a liner material and appears
to have performed better than other materials with the
exception of perhaps some of the refractory cements.
LhA ircgwn of the sludge distribution plate, this material
has shown some cracking apparently due to the excessive
temperature gradients in this region and a possible reaction
of the material with molten salt to form a sodium silicate.
Low density (35 lb/cu ft) fused silica has been evaluated as
the primary insulation material and has shown excellent

performance.

5. Insulating Firebrick - This material has performed well
where there is no mechanical or thermal stresses. How-
ever, even the slight stress causes the material to crack
excessively. When this material is coated with a refrac-
tory cement, it performs reasonably well.

6. Refractory Cements - The materials seem to perform41 very well in the incinerator as a repair material and a
liner as long as the material is not built up Into a thick

layer. When very thick layers are made, some cracking
appears.

! It is recommended that the low density silica !e used as the main
insulating material in the incinerator. The high density is recom-
mended for the liner material in the combustion chamber as well as
the stack exhaust zone. Because of its reported resistance to spalling
at temperature below 2,200*F, 310 stainless steel is recommended
for the sludge feed and combustion zone liner.
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S3.2.5 Pretreatment Subsystem Development

Several configurations of the hydraulic macerator have been fabri-
cated au El t.. 'ht. debign which worKea very well is shown in
Figure 28. This is a prototype constructed of plexiglass in order to Ir. be able to nbeerve the action of the macerator.

In testing on the macerator, a flow of 10 gpm was used to simulate
the influent condition. This flow was introduced through a 4 in. pipe
into the center of the mace-ator. Copious amounts of paper towels•, and toilet tissue were added to the influent flow and were pulverized

almost immediately. Sanitary napkins were also fed into the influent
stream and were also torn up although not as fast as the paper products.

Metal objects such as nuts and bolts were dropped into the macerator.
They were swirled around on the periphery of the cylindrical section;
however, they were never discharged through the outlet tube. Their
presence in the macerator did not hinder nor assist in the macerating

j• of the paper products.

The first configuration tested used a small plastic tank approximately
14 in. in diameter and 18 in. high. The tank had a rounded bottom,
was open at the top, and 1/2 in. diameter holes drilled in the walls
starting about 8 in. from the bottom. The two jets created a good
vortex and shredded the paper products without difficulty; however,
the holes soon plugged and the flow was forced over the top of the tank.

L Several attempts were made at devices to clean the holes, some
partially successful; however, the results were not promising. Cutting
"blades were installed along the periphery of the tank wall. The cuttingL action was insignificant and in fact caused more clogging than cutting.

Air jets were also tried instead of the high pressure water; however,
the energy transfer was not as efficient and vortexing was not satisfactory.

6.L 67

I -



.1d

0I-

NODEROUIL
I68



- -I

3.3 Prototype System Design and Development Testing

Rkaepd nn tho mihmamtpn#m AIj1nnpm,, teat rinmilto nreantr in

Section 3. 2 of this report, a 200-man prototype waste treatment
system was designed, fabricated, and tested to obtain total system
performance data and demonstrate all subsystems to be used in the
Phase 11 waste treatment system. Several variations of the 200-man
prototype design were evaluated to assess performance of alternate
approached prior to making final subsystem selections for the Phase II
system. The subsequent sections describe the 200-man prototype
design and design variations and present the results of the develop-
ment tests conducted on the subsystems and total system.

3.3.1 Prototype System Desilg Description

A schematic of the 200-man prototype system which was evaluated is
shown on Figure 29. This schematic shows the pretreatment, primary
treatment, and secondary treatment equipment comprising the total
system. Two secondary treatmaent loops are shown; a PEPCON ultra-
violet loop and a PEPCON catalytic column loop since both were evalu-
ated during Phase I.

A complete set of drawings defining the total system was prepared
during Phase I. Figure 30 provides a drawing tree of the designs
which were released during Phase I. These drawings will form the
basis for the Phase II design and will be updated at the initiation of
Phase II. The final system assembly drawing, 7U43872, will also be
prepared and released st the beginning of Phase !I. The basic system
evaluated during Phase I was ,nmprised of the following major
subsystems.

1. Pretreatment Subsystem (7U43868) -- The pretreatment
I L subsystem consists of a primary holding tank to provide

surge capacity, a screen assembly to Intercept the in-
coming foreign objects and separate large solids, and
a pump to transfer material from the holding tank to the

2.centrifuge.

2. Primary Treatment Subsystem (7U43874)--The primary
treatment subsystem is comprised of a centrifuge to
separate incoming solids, a sludge receiver to collect the
separated solids, a centrate tank to collect the centrate,
and two pumps--one to transfer the sludge to the inciner-
ator and the other to transfer the centrate to the secondary

I treatment system. All components are mounted on a
common base.
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3. Secondary Treatment Subsystem (7U43877) -- A secondary
treatment subsystem is comprised of the electrolytic
luai uhravioiet reactors and their electrical power supplies
and a secondary holding tank to provide holding time and I
venting of gases after electrolytic addition of hypochlorite
to the centrate from the primary treatment system.

4. Control Subsystem (7U43881)--A control subsystem inte-
grates all system control functions and provides for
automatic operation of the system.

5. Incinerator Assembly (7U43945) -- The incinerator assembly
consists of an incinerator and its associated components
to receive sludge from the primary treatment system and
incinerate the sludge on a periodic, as required, basis.

The system also includes auxiliary subsystems to provide for venting
and purging at various places in the system. Detailed descriptions
of all subsystems are included in subsequent sections.

3.3.1.1 Pretreatment Subsystem Design

The pretreatment system consists of a hydrasieve screen, a macerator,
a 400 gal primary holding tank (Drawing 7U43829), a pump for
transferring the contents of the holding tank to the centrifuge, a
sludge tank to collect screenings from the hydrasieve and sludge
from the centrifuge and a sludge pump to transfer sludge to the
incinerator.

Influent fror.- the sewage source enters the top of the hydrasieve.
Liquids and solids of less than 0. 010 in. pass through the screen
and go directly to the holding tank. Solids slide down the self-cleaning
inclined screen and enter the sludge tank. Screened solids are pumped
from the sludge tank using a macerator pump. The solids are re-
circulated and continuously macerated at a rate of 4.7 gpm. A
portion of the recirculated macerated sludge is bypassed through a
sludge pump and fed to the incinerator at a rate of 3. 0 gph.

The primary holding tank (Drawing 7U43829), located below the hydra-
sieve, has a capacity of 400 gal. This tank will accommodate normal
expected surges of influent from the 200 man sewage collection system.

The sludge pump is a Moyno Model BA100-BGQ and is powered by a
1/3 hp electric motor through a variable drive sheave and belt system.
The purpose of the variable drive is to determine the ideal rpm of the
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Spump before selecting the final drive system. This pump, motor,

sheaves and belt are the same as used previously in the waste treat-H ment system.

The transfer pump is located on top of the primary tank to conserve
space and to minimize the amount of fluid loss In the event of a
packing failure. This unit (Model 777-F) is a bronze body, neoprene
impeller, self-priming pump manufactured by Jabsco Pumps of

International Telephone and TelegTaph Corp.

The inlet of the pump piping is located near the bottom of the primary
tank, within a perforated metal cylinder which extends the full length
of the tank. In this way, the pump and centrifuge are afforded a
redundant screening and a means of protecting the pump inlet and

instrumentation tubing from possible damage due to severe liquid
agitation caused by the roll of the ship.

The pump is protected against running dry by a pressure switch
located in the discharge piping. The rate of discharge controlled

by pump size, pulley sizes, and motor speed is based on the maxi-

mum efficient capacity of the centrifuge.

The primary holding tank has a level detection for control of the
effluent level in the primary tank. Pressure switches were chosen

for this operation. Level sensing using pressure switches in contact

with the medium would require special diaphragms which would be
prohibitively expensive. However, through the use of tubes in the
center and redundant switches mounted at the top of the tank (on
these tubes), it was possible to use the pressure switches for level

detection.

3.3.1.2 High Pressure Subsystem Design

3 The purpose of the high pressure subsystem was to supply flow under
pressure from the baffle tank to a hydraulic macerator. Thiokol
Drawing 7U43869 depicts the high pressure subsystem as conceived
during the design stage of Phase I. The final configuration did not

include the hydraulic macerator, and the high pressure subsystem
was eliminated from the design.

3.3.1.3 Incinerator Assembly Design

The incinerator assembly (Drawing 7U43945) consists of three major
components: the incinerator, the burner, and the exhaust fan. Sludge

influent is pumped into the incinerator near the center of the incinerator
and is dropped on a baffle. Hot gases from the burner vaporize the water
in the sludge, and the oxygen rich gases pyrolize and oxidize the sludge.
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The velocity of the gases in the incinerator are high enough to fluidize
any solid particles such as precipitated salt, and most of this is
carried out the stack along the flue.

The exhaust system causes a negative pressure in the burner so that
all leakage in the incinerator is to the inside. Air is induced near the
top of the chamber so that the temperature of the gases to the exhaust

fan are kept below 650' F. Dm-ing Phase II the exhaust fan will be
replaced by a blower/air ejector system. This system will provide
the same negative pressure in the incinerator chamber and will
eliminate the necessity for a fan to operate in the hot exhaust gases.

The incinerator is equipped with a door for easy access and exami-
nation and/or cleaning of internal surfaces. The incinerator is lined
with a fused silica material and 3 in. of 30 lb fused silica is used as
insulation. The outside of the incinerator is constructed of 1/4 in.
mild steel plate.

3.3.1.4 Primary Treatinent Subsystem Design

The primary treatment subsystem separates the solids remaining
in suspension after hydrasieve screening. The liquid sewage Is
pumped from the holding tank into the centrifuge at an average rate
of 3.6 gpm. The solids then are separated by centrifugal force and
collect in the sludge receiver, while the liquid is gravity fed into the
liquid surge tank at approximately 3. 6 gpm for circulation through the
secondary treatment system.

The primary treatment subsystem is as shown on Drawing 7U43874.
Basic components are as follows.

1. Centrifuge.

2. Centrifuge Stand, 7U43834.

3. Vented Liquid Surge Tank.

4. Centrate Pump.
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j The centrifuge is a De Laval 20 by 14 in. ECM clarifier. This
machine was placed into operation during Phase I.

It The centrifuge stand is a steel weldment designed to support all the
other components and to tie them together into the one system.
Channels, 3 In. high, at the base provide a skid so a forklift truck
can transport the system. The steel used is standard shapes and
plate sizes.

The centrate pump is a Jabsco Model 777F powered by a 1/4 hp elec-
tric motor through a drive sheave and belt. This pump was selected
because of the larger ports (1 in. suction and discharge) and is the
same pump and motor as is on the pretreatment holding tank.

The piping connecting the components is primarily PVDC high tempera-
ture, schedule 80 pipe. All connections, where possible, are socket
welded per standard Navy design. It was decided to use the PVDC
piping as this material was the cheapest material that would resist
the hypochlorite solution and the 1600 F temperature.

3.3.1.5 Vent Subsystem Design

The vent subsystem is shown schematically on Drawing 7U43804
(Figure 29).

The vent system utilizes high rate liquid recirculation through theJ PEPCN cells and catalyst columns to transport gases to open vent
tanks. The PEPCON cell vent tank exhausts hydrogen rich gas and
the catalyst vent tank exhausts oxygen rich gas. Both tanks will have
a tendency to expel ozone, oxygen, water and hypochlorite. The
PEPCON and ultraviolet vent tanks are attached to a suction side of
the incinerator blower assembly as shown schematically in Figure 21.
It is apparent that blower corrosion will have to be contended with.
It is planned to evaluate the use of oxidizer resistant aluminum alloys
and coatings in the blower to minimize the corrosion problem. The
temperature will be held below 300'F which enables consideration of
a wide variety of coatings including polyurethanes, epoxies, and
halocarbons.

At present, the effluent is being recirculated to the secondary holding
tank which is not pressurized. Pumping through the secondary system
at a higher rate tends to eliminate some of the problems of gas forma-
tion in the PEPCON and UV cells. Since the secondary holding tank
is unpressurized, this allows sufficient ullage for the release of the
entrained gas to be vented.
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3.3.1.6 Secondary Treatment Subsystem Design

As previously noted, two secondary treatment systems were evalu-
ated during Phase I. Both systems are shown schematically on
Figure 29. The PEPCON/ultraviolet system is defined by Drawing

S7U43877. This drawing shows a series piping arrangement between
alternate PEPCON/ultraviolet cells. The final system arrangement
was connected as shown on the Figure 29 schematic. The PEPCON/
catalytic system was connected as shown on Figure 29. The basic
difference between the ultraviolet and catalytic systems is the sub-
sititution of a catalytic column for an ultraviolet cell. The major
components comprising the secondary treatment system(s) are as
follows.

1. Secondary holding tank.

2. PEPCON Assembly, Pacific Engineering Drawing
(E 19. 0-37-1).

3. UV Cell Assembly (7U43590), or Catalytic Column.

4. PEPCON Power Supply, Pacific Engineering Drawing

(E 19. 5-16).

5. UV Power Supply (7U43879).

Secondary Holding Tank

The secondary holding tank employed in the Phase I test configuration
was a simple 50 gal vented polyurethane tank. The tank was installed
schematically as shown on Figure 29 depending on which secondary
treatment system was operational.
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PEPCON Assembly

_The PEPCON assembly was designed by Pacific Engineering and
Production Company of Nevada and consists primarily of five PEPCON
cells each with 500 in. anode, bus bars which act con-

cel ahwt a 50sq in idcopper bu aswihatas cn

ductors to the cells and also as supports for the PEPCON and UV cells,
and the associated plumbing required for connecting the system. The
pipe between cells is 3/4 in. schedule 80 PVDC cemented to socket
type PVDC fittings.

The current density for each PEPCON cell is 1.0 amp/sq in.; hence,
the total current for the eight ceUs is 4, 000 amps. To carry this
current, two copper bus bars, each 5 in. wide and 1. 0 in. thick, are
required. The two tinned copper bus bars extend horizontally from
the power supply with the anode and cathode 65-1/2 and 36 In. from
the base respectively.

The structural support for both the PEPCON and UV cells is the cathode
bus bar. Details of the UV assembly is discussed in 3. 2. 2 . The
structural support for the PEPCON cell also acts as the electrical
connection to the cathode of the cell.

Since the bus bars are essentially cantilevered from the power supply,
two structures are used to support the bars; one near the end of the
bus bars and the second near the power supply. The support structure
is made of 1/4 by 3 by 3 in. fiberglass angle, bolted together. A
detailed drawing of the structure is given in Pacific Engireering Draw-
ing E 19.0-37-1. The fiberglass angle is strong structurally and also
provides good electrical Insulation.

The entire PEPCON assembly, including the support structure, is
mounted on a skid shown in Drawing 7U43961. The primary purpose

7
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of the skid is to make it possible to move the entire assembly as a
unit with a forklift or similar device. The assembly can be relocated
during the testing phase with a minimum effort.

The line size was selected on the basis of fluid velocity and pressurei loss in Lhe lines. Using 3/4 in. schedule 80 pipe, the OD is i. 05 in.,
the ID is 0. 742 in., and the internal area is 0. 433 sq in. At a flow of
3 gpm, the velocity is 2.25 fps, while a flow of 6 gpm will give a
velocity of 4. 5 fps. This is assuming the pipe is filled with water.
Gas generated within the PEPCON cell will increase the volumetric

j flow rate resulting In higher l'uid velocities.

The following table comrnares line velocity and pressure loss for
1/2 and 3/4 in. pipe. Since the PEPCON cells as now constructed
are limited to appro•imately 25 psig pressure, the 3/4 in. line was
chosen in order to reduce the pressure loss throughout the entire
system. This pressure loss is difficult to calculate since it is a
function of the plumbing arrangement, number of elbows, tees, etc;
however, a total drop of less than 10 psi is expected.

Pipe Size Flow Velocity AP

(in.) (PM) (fps) (psi/ft)

1/2 3.0 4.1 0.082
6.0 8.2 0.3

j 3/4 3.0 2.23 0.018
6.0 4.45 0.06

I A drain line is attached to the bottom of each PEPCON cell. This
line is also used for the air purge system. The 1/2 in. PVDC drain
pipes are connected to a 3/4 in. PVDC pipe which acts as a manifold
for the air purge system. Checkvalves are located in the manifold
line between PEPCON cells to prevent flow from bypassing the cells
during normal operation.

Fabrication and actual plumbing of the PEPCON assembly was ac-
complished at Thiokol by Pacific Engineering. Flanged connections
are used instead of threaded connections where possible.

UV Cell Assembli

SThe UV cell assembly is shown in Drawing 7U43590. This assembly
conwi6Ls primarily of a UV lamp (General Electric UA-37), quartz
tube, and an aluminum outer shell and end caps.
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I The quartz tube Is 48 in. long and has an ID of 40 mm, with a 1.8 mm
wall thickness. The purpose of the quartz tube is to permit tho TTV
radiation to penetrate the waste material being processed, yet does1 ' not allow the waste to come in contact with the lamp. The lamp
operates most efficiently in the temperature range of 500' to 700* C.
Although convection cooling is required, water in contact with thelamp would cool the lamp below its normal operating temperature.

I The outer shell is made of 4 in. 6061-T6 aluminum tubing with 1/8 in.
wall thickness. A diffuser ring with 10 equally spaced holes is welded
inside each end of the outer shell. The quartz tube passes through
the center of the diffuser ring. The purpose of the ring is to distribute
the flow equally around the quartz tube and to prevent any short circuit
flow paths. The outer shell is welded to the aluminum end caps elimi-
nating the need for a seal.

[ The end caps are machined from 6061-T6 aluminum. The inlet and
outlet ports are 3/4 in. NPT. An O-ring groove was machined in the

SInside diameter of the end cap. This 0-ring provided the seal between
the end cap and the quartz tube. It was found, however, that the toler-
ance on the OD of the quartz tube was so great that the O-ring could
not make an effective seal. The end caps were reworked, eliminating
the groove and cutting inside pipe threads into the end caps so that a jam-I nut could be threaded around the OD of the quartz tube. The jamnut
pressed against the 0-ring forming a seal. Again the wide tolerance
of the quartz tube OD and the thermal expansion of the tube allowed
leakage past the O-ring. Increasing the O-ring pressure by tighten-
ing the jarnnut resulted in cracking the quartz tube.

[ The jamnut and O-ring were removed and the entire cavity filled with
RTV which bonded to the quartz tube and the end cap. There is suf-
ficient resiliency in the RTV to allow thermal growth In the quartz
tube. This method of sealing is more positive than using the 0-ring
configuration. Several hours of use have been obtained with the RTV
seal without any indication of leakage or deterioration.

SThe lamp support Is constructed of aluminum with a fused silica insert
as an insulator between the lamp end cap and the lamp holder. The
support is attached to the end cap with three spacers approximately
1. 5 in. long to allow space for adequate ventilation around the lamp.

A square screen box is bolted to the end caps and covers the electri-
cal connections as a safety precaution to prevent accidental contact

with the high voltage.
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I] The cell assembly is mounted to the cathode bus bar by a bracket
shown in Drawing 7U43591. The bracket is electrically insulated from
the blue !M-ro. by ÷,•4.,. •......C : placd L.. , -,. *,,_

insulators are Rod Seal fiberglass strain insulators tapped and
threaded with 3/8 by 7/16 in. holes. The boltR sttaching the inslators
to the bus bar and to the bracket are 3/8 in. diameter silicone bronze
bolts. After assembly of the PEPCON and UV systems, it was decided
that a common ground be provided to minimize any electrical shock
hazard; therefore, a grounding cable has been installed between the
UV cell bracket and the cathode bus bar.

PEPCON Power Supply

I The power supply required to drive the PEPCCN cells is shown
by Pacific Engineering Drawing E-19. 5-16. The power supply will
deliver 4, 000 amp at 9 vdc. The unit is a constant current device with
the desired operating current manually set on a current meter on the
control panel. The voltage will vary depending on the salt concentra-
tion in the solution.

The power supply is mounted in a cabinet 34-1/2 in. by 34-1/2 in. by
65 in. high. A hood on the top extends an additional 5-1/4 in. A fan
mounted near the top of the cabinet pulls air through a filter for cool-
ing electrical components. The hood effectively makes the unit drip-
proof. A 6 in. opening in both the front and back allows the unit to bpg moved by a forklift.

During any time that treatment is not required or desired and the
PEPCON cells are filled with water, a small trickle charge must be
applied. The power supply upon signal from the control system will
reduce the current to the cell, maintaining only a small difference of
potential between the anode and cathode. This is required to prevent
any reverse current flow which would damage the anode.

I The input to the power supply is 440 v, 60 Hz, three phase. A con-
trol unit in the power supply does not allow instantaneous full power
being applied to the cello. Power goes up on a ramp which may be
adjusted from 3 to 15 sec. This is done to relieve the power transients
on the entire facility when the treatment cycle begins.

UiV Power Suppl,

I Each UV lamp is driven by an individual power source. Each power
source delivers 1,500 v, 60 Hz, at 2. 0 amp and consists of a trans-
former and capacitor. The UV power supply assembly is shown in
Drawing 7U43879.
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1The transformer used during the early part of Phase I of the program
was a Hanovia Model 49114, with a 3, 500 w output. The transformer

a"" 'C1. "^ c•fU r"€...--.- ,* .- vL..- ; however, one oi ihe

capacitors was replaced with a 1. 0 A f capacitor to reduce the power
output to 3, 000 w which Is the nower ratIng of the UA-37 lamps. The
wiring arrangement for each lamp is shown in the sketch below.

1 1.5 f

I220 v601-Hz 1.01jf UA-37

[ PRIMARY 1500 v 60 1z LAMP

". HANOVIA MODEL 49114

The four transformers and capacitors were mounted in a drip-proof

, enclosure. A microswitch is mounted inside the enclosure so that if
the enclosure cover is removed, the power is automatically removed
from the transformers. Four MS type electrical connectors are[i mounted on the box to provide a convenient method of removing power
to individual lamps.

The ballast presently used for each lamp is a General Electric Model
9T68Y3161. They are completely enclosed and the transformers are
potted in a compound which will transmit the heat generated to the
metal container. All wiring is brought out to terminals in a wiring

compartment. The wiring is similar to that shown above except a
single 2.66 p.f capacitor replaces the two capacitors wired In parallel.
The Input power is 440 v, 60 Hz, single phase.

L.Catalytic Column

The catalytic column was constructed of 8 in. diameter aluminum

pipe 72 in. long. Each column was loaded wih 100 lb of WNC-1
catalyst. Diffuser plates on the top and bottom of the column retained
the catalyst. Flow through the columns which were mounted In a
vertical position was from the bottom to the top.

I
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3.3.1.7 Control Subsystem Design

The overall design of the control subsystem is based on requirements
li•.tosed by Contract N00024-71-C-5332. MIL-E-917 Electrical
Power Equipment Basic Requirement is being utilized for general
guidelines. Cabling is being accomplished using MIL-C-915 and
MIL-W16878 cabling. Wiring is being accomplished using MIL-W-

4 16878 wire.

All units that are exposed to human touch intentional or otherwise will4 be grounded to a common plane which will be capable of being tied to
a facilities ground or common plane.

Interlocks are provided so that personnel and equipment will not be
exposed to unnecessary dangerous environments such as high voltage,

j heat, etc.

1. Primary Holding Tank--The primary holding tank will
have level detection for control of the level of in-fluent
in the primary tank. In selecting the detection methoda level detection by conductivity was ruled out because
solids deposited on probe could maintain a false
indication. Level detection by temperature was ruled
out for the same reason. Level detection using floats
was also rejected because of the problem of the float
getting weighted down with solids. Level detection
using load cells would require conditioning electronics
and would be prohibitive because of costs as would
level sensing using pressure transducers. Level
sensing using pressure switches in contact with the
medium requires special diaphragms which make

I method expensive. By using tubes in the center and
redundant switches mounted at the top of tank on
these tubes it was decided to use the pressure switchSfor level detection. Also by placing tubes in center
of tank it would null out the effect of pitch and roll.
The air column which is the pressure media would
serve as a buffer between the effluent and the diaphragm
of the pressure switch.

I The discharge level starts the centrifuge. The upper
level shuts the system off and gives an audible, visual,

I and electrical alarm.

8
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I Once the centrifuge is up to speed, the primary holding

tank output pump is turned on. When the orimary holding
tank is empty a pressure ,wItch on the output pump drops
out shutting off the centrifuge and output pump.

( Since the system output may be somewhat less than the
primary holding tank output pump, the primary holding
tank output pump is controlled, In part, by the centrate
tank level. If the centrate tank upper level is reached
this pump is shut off until the centrate tank level is
sufficiently lowered.

2. Centrifuge--The centrifuge is provided with a start signal,*1 stop signal, and a skim control. The basic controls
were provided by the manufacturer, DeLaval, and.1 have been integ.ated into the Thiokol control system.

Skimming will be accomplished on either time or when
I the primary tank ia ompty.

3. Incinerator--The incilierator receives a start signal
from the centrifuge after each skim cycle. Once it
is up to the proper buen temperature the sludge pump

I starts pumping.

Incinerator interlocks for burner, exhaust fan and
excessive temperatures are provided. When updating,
another interlock for the incinerator door will be
provided.

4. Air Purge System--Solenoid valve,. w.itl Ut operated
every hour for three pulses of 6 sc 31 sec off.
This system will also have manual -- Lapability.

5. Centrate Tank--Levels in the centrasi. t.jk control
the pumping of centrate through the s- ,ondary treatment
system and the pumping of influent into the centrifuge.

Level detection is accomplished by highly sensitive
I pressure switches.

i 6. System Power Distribution--The required electrical
input to the system is 440 three-phase ac voltage at
approximately 100 amp and ground reference. When
power is applied the exhaust fan, air compressor,
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1 208 three-phase ac voltage and PEPCON power
supply (trickle charge) are turned on. The rest
ot the system is turnea on by the start-stop
switch.

3 The UV and PEPCON power supply (full power) are
turned on only when liquid is being pumped through

I the system.

3.3.2 Subsystem Development Testing

3.3.2.1 Pretreatment Subsystems

I The objective of the pretreatment subsystem is to equalize the hy-
draulic flow and to remove suspended solids potentially capable of
obstructing pumps, pipe lines, and other restrictions in subsequent
subsystems. The pretreatment system selected and evaluated in
the pilot plant consisted of a six inch wide inclined screen (Bauer
Hydrasieve) for suspended solids removal and a three hundred gallon
holding tank for hydraulic flow equalization. The process liquid is
delivered from the pretreatment subsystem by a self-priming cen-
trifugal pump. The subsystem is depicted in Figure 31 and 32.

The performance of the inclined screen, tested with 0. 010 inch open-
"ings is illustrated in Figure 33 in terms of percent solids removal.
As shown, the higher the influent suspended solids concentration, theIgreater the percentage solids removal. The inclined screen is ob-
served to accomplish considerably more than merely removing coarse,
obstructive material from the system but functions as an efficient
primary separator. This effect should be more predominant in actual
shipboard operation where the influent sewage is not macerated to as
high a degree as in the pilot plant.

Sizing of the pretreatment subsystem for the 200-man system is com-Jj plic.ted by large variations in hydraulic flow and by dynamic pitch and
roll conditions present on shipboard. The average rate of flow for a
200-man crew is 26.2 gal/day/man or 5.240 gallons per day. This is

ii equivalent to an average flow of 3. 6 gpm. Surges in flow of 300 per-
cent of average and pitch and roll conditions of 5 and 30 degrees
respectively are anticipated.

The 300 gallon holding tank and 3.6 gpm discharge pump would pro-
vide a maximum surge capacity as follows:

Surge = Tank Vol + Outflow

Surge (Gal) = 300 + 3.6 t
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where t is the surge duration in minutes. This would be equivalent to
a 300 percent surge for a duration of forty minutes. The holding tank

relatvl unfetr hi, Aim~rnan nil rh anti rn1 rnnditinna pnviuding

delay timers are incorporated in level sensors controls.

Operation of the hydrasieve is significantly effected by dynamic pitch
and roll conditions. Coordination with the manufacturer and limited
pilot plant testing indicate, however, that proper orientation of the
hydrasieve and the addition of baffles will minimize operational prob-
lems. Tilting of the hydrasieve in the direction perpendicular to the
screen, as shown in Figure 34, does not appreciably effect hydrasieve
performance up to an angle of 5 to 10 degrees. Tilting of the screen
in a direction parallel to the screen has significant effect causing the
process liquid to channel down the side of the ,;creen. Thiokol has
demonstrated that the addition of a baffle to the side of the screen
apparently resolves the problem by deflecting liquids back on the
screen. Once the liquid is on the screen, flow is directional some-
what independent of the screen oxientation as shown in Figure 34.
Orientation of the screen relative to pitch and roll conditions, the
addition of baffles and m increased screen width as shown should pro-
vide continuous operation under shipboard conditions.

The addition of a double weir design to the hydrasleve as shown in
Figure 34 would direct flows in the 5 to 10 gpm range to the center
section of the screen. Hydraulic surges in excess of this range would
be distributed over the entire weir area. According to manufacturer's
data, flows of up to 100 gpm could be handled with 18 inches of screen
width with the 0. 010 inch openings. Modificaticns of the screen to
accept pitch and roll conditions therefore also provides more than ample
hydraulic capacity.

The hydrasieve is completely self-cleaning during operation. However,
if the hydraulic loading is intermittent with long periods of no flow the
screen may become partiallyblindedthru the buildup of salt, grease, or
other residue as the screen dries. Installation of wash nozzles would,
therefore, be required for shipboard installation to facilitate periodic
cleaning with steam or hot water.

8
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3.3.2.2 Primary Subsystem Testing

The first objective of the primary treatment subsystem is to remove,
without the use of chemical additives, the majority of suspended solids
in raw sewage. The removal process must be at a high rate with
iminimal residence time in Lshe y Solds removalSs S o|i. 6 tenvaestsj early i

the program indicated that the most effective means of separation,
using commercially available equipment, was by centrifugation. The
type centrifuge selected for use was a basket machine. The centrifuge
purchased for the Navy program was a 20 in. diameter DeLava" ECM
basket clarifier. This machine was installed in the pilot plant and
suspended solids removal tests conducted. A comparison of the
solids removal efficiency of the Navy centrifuge and the 14 in.
diameter unit evaluated in the test program is presented in Figure 35
as a function of flow rate. At the average flow rate of the primary
system, 3. 6 gpm, a suspended solids removal efficiency in excess
of 80 percent was observed with the Navy machine. This removal
capability can be further improved through the addition of conventional
flocculents, however, 80 percent removal is considored adequate for
overall system performance.

J The second objective of the primary treatment system is to store the
removed solids for subsequent incineration. From the standpoint of
a centrifuge, this involves a periodic discharge of Uhe solids or sludge
from the centrifuge into a surge contatner. Two methods of sludge
removal are available on commercial basket centrifuges, depending
on the nature of the sludge and the size of the centrifuge. For fluid
sludges, a tube is inserted into centrifuge, opposing the direction of
bowl rotation, skimming out the contents. For nonfluid sludges, a
mechanical plow or knife is used to dislodge the sludge, dischargining
it through an opening in the bottom of the bowl. Due to the size and
nature of the plow mechanism, it is only available on large machines;
ie, 30 in. diameter and larger. The sludge formed from untreated
sewage is not sufficiently fluid to be completely removable by skim-
mIng. The size of the centriguge selected for the Navy program pro-
hibits use of a plow or knife mechanism. Therefore, an alternate method
of sludge removal was developed. In this method, the rotation of the
bowl is reduced to half speed and the skimmcr tube inserted to remove
liquid and flowable sludge. The residual, heavy sludge is then fluidized
by means of a water jet and removed through the skimmer tube. The
nature of the liquids and sludge discharged from the centrifuge by this
method was evaluated in terms of solids content. Twelve hundred
gallons of sewage were processed through the centrifuge over a 4 hr
period. The contents of the basket were skimmed and collected in
2 gal increments. The solids content of the skimmed material is
shown in Figure 36 as a function of cumulative gallons removed.
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I These data indicate that the first 8 to 10 gal of liquid removed during
the skimming cycle is very low in suspended solids and only the rc-

maining 1-1/2 to 3-1/2 gal, plus wash water, contain a high degree of

solids. In order to reduce the load on the incinerator, a diverter
r valve was added to the centrifuge to allow discharge of a portion of

the low solids liquid into the centrate tank. Tho initial 1 to 2 gal of

liquid is currently programed into the sludge tank and serves to flush
the skimmer tube of residual 6o0id6 from the previous cycle. The
next 6 to 8 gal is programed into the centrate tank. The remaining
liquid plus wash water containing a high solids content is programed

[ back to the sludge tank.

Several problems have been experienced with the centrifuge relative

to sludge removal. A large amount of paper and fibrous product in
the influent sewage compact in the centrifuge bowl into a matting

which exhibits considerable strength and resists fluidization by the

water jet. When the material does break up, it is generally in

sufficiently large sections which obstruct the intake of the skimmer

tube. This type material must therefore be prescreened from the
influent to facilitate the use of the skimmer tube/water jet approach

to sludge removal. Two types of screens appear feasible for use. A

Sweco vibrating screen, evaluated early in the program, was very

satisfactory. An inclined, self-cleaning screen currently being

evaluated also has proven satisfactory to date, Section 3. 3.2. 1.

To optimum skim cycle, water jet location, volume or wash water

• required, etc, has not been totally identified to date. This has been

due in part to late installation of the two-speed motor on the centri-

fuge and by problems associated with paper matting in the sludge.
Thiokol proposes to complete this phase of study under Phase II of
the program.

The addition of an efficient screen to the pretreatment system not only facili-

tates sludge removal from the centrifuge but also substantially reduces the sus-

i.- pended solids concentration entering the centrifuge. Under these reduced load
conditions, the 20 inch basket centrifuge may have excess capacity for the sys-

- tem. Preliminary sizing tests on prescreened influent were conducted with

a 15 inch and 20 inch diameter basket unit for comparison. These data are

tabulated below:

I Suspended Solids (mg/i)

Flow (gprn) Influent Prescreen 15 in. Basket 20 in. Basket

2 284 130 68 78

3 284 130 92 721 4 284 130 100 68

Although the removal efficiencies are low the absolute values of suspended
I solids in the centrate from both centrifuges are in an acceptable range for sys-

tem performance. In order to be realistic, this comparison must be made at

higber influent suspended solids concentrations. This final centrifuge sizing

test will be concluded in Phase II of the program using available 15 and 20
inch diameter cent rifuges..I 9
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3.3.2.3 Incinerator Prototyjlp Testing

The prototype incinerator has been tested for over 60 hr. The basic

design shown in Drawings 7U43945 and 7U43934 was used except for

the addition of a steel baffle above the combustion zone and air inlets

at the top. A bulieniatic of tihe tet cunfiguratiun, Figure 37, details

the position of the temperature measurements, air inlets, and baffles.

Photographs of the prototype incinerator, Figures .38 thru 40, show

the component configurations.

The incinerator performed well and the chamber was kept reasonably

clean by the high velucity gases sweeping the precipitated salt and ash

from the chamber area. The only area that retained a salt buildup was
the L-shaped adapter from the incinerator chamber to the exhaust fan.
This buildup was alleviated by controlling the air inlet at the incinerator

top. Originally, cooling air was to have entered at the flanged inlet
near the top of the incinerator but this caused a localized buildup of
salt and a spalling of the incinerator liner. When the cooling air inlet

was changed to the top location and closer to the fan, both of these

problems were essentially eliminated.

I During these tests, it was proved that the temperature in the incinerator
could be regulated reasonably well by maintaining the proper air-to-

fuel ratio, thereby eliminating the problem of overheating which caused

severe deterioration of the liner materials in the developmental incin-

i erator.

The negative pressure created by the exhaust fan mounted above the
iiucinerator was amajor factor in the testing program. Air inlets on

the 1. 5 gph fuel oil burner were almost closed to obtain the best com-
bustion air-to-fuel ratio. Temperatures in the incinerator were held
to 1, 800° F in the combustion zone, to 1,2000 F above the sludge inlet,

and below 400°F at the exhaust fan.

SA total of 10 sustained runs was conducted for the incinerator testing.
The last and longest run was 8 hr. ,onditions of the test were:

I Burner 1.5 gph fuel oil nozzle

Sludge 3. 5 gph sludge from 3/c salt influent

Temperatures 1,8000 F Combustion

1:200 0 F Stack
350°F Fan

IU'per air inlet 7 sq in.

1 94I
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I A wide variety of sludge composition was tested. Sludge feed rates
into the incinerator also were varied. All of the influent to the system
was raw sewage saitea to a 3 percent solution. The sludge from the
centrifuge contained one third fresh water from the wash cycle. Paper j
content of the sludge varied depending on the pretreatnent and the batch-
to-batch nature of the raw sewage. Some stoppage in the feed line was
experienced with thick sludges; however, this problem was elminated
by smoothing out the line connections and reducing the line diameter to
produce higher flow velocities. A feed rate between 3 and 4 gph pro-
vided the best equilibrium conditions in the incinerator. Low feed
rates would be inefficient and high feed rates would cause low stack
temperatures and buildup in the stack and baffle areas.

I Incinerator insulation kept the outside wall temperature below 150' F.
Temperatures on the upper stack reached 4000 F at times and varied
with the cooling air intake position. Liner components were subjected
to temperature changes in the baffle and sludge inlet areas. The mild
steel baffle remained intact but experienced oxidation and spalling.
The high density fused silica liner in the sludge inlet area cracked
and spalled throughout the early testing and had to be replaced twice.

* As incinerator conditions were stabilized and longer runs obtained,
this liner section had less cracking. Thiokol plans to replace this
section with a better material, such as 310 stainless steel, for future

I testing.

The prototype incinerator testing demonstrated that system sludge
decomposition can be accomplished by this method. Control of the
startup needs further evaluation to integrate the incinerator into the
treatment system, since air intake positions and temperature buildup
are critical. During operation, the incinerator maintains an equilib-
rium balance within acceptable ranges of feed rates, sludge composi-

3 tion, and equipment temperatures. Further testing will establish
maintenance factors such as ash removal frequency, insulation repair
and replacement, baffle cleaning or replacement, and other equipment
life spans.

I!
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3.3.2.4 Total Solids Transfer and Incineration

A pLrui.u.ype v; an advanced total sohics transter system has been tested
on concentrated sludge. The system is a recirculating sludge macer -

titon system combined with a small sludge urnmp tc transport collected
solids to the prototype incinerator. The test configuration is shown
schematically in Figure 41. A photograph of the prototype system,
Figure 42, shows component configuration and location.

Maceration of the solids is provided by a Robbins & Myers Model EWM-
BJ 200 macerator pump. Maceration is accomplished by four fired and

four rotating tool steel cutters. The high cutter velocity, 132 ft/sec,
combined with a unique arrangement of 1/8 inch flow passages control
the size of the particles. A typical flexible stator Moyno pump pro-
vides a flow rate of 4. 7 gpm. Both the macerator section and the pump
section are mounted on a 1 horsepower 230 VAC motor.

To perform the demonstration test, 1, 100 gallons of raw sewage was
subjected to Hydrasieve separation. The solids were collected and
placed in the sludge surge tank. Fine solids were removed using a
centrifuge cycle and added to the sludge surge tank. The resulting
sludge was further concentrated by adding approximately 75 paper

towels, filter tipped cigarette butts representative of 2 packages, and
toilet tissues.

Overall performance of the system was satisfactory, however, the feed
to the incinerator was erratic and some stoppages in the feed line was
noted. In all cases the stoppages were cleared by momentarily increa-
sing the feed rate. The stoppages were caused by the low inlet velo-
city of the incinerator feed pump allowing the particulate matter to

precipitate and accumulate.

Several methods of correcting this condition have been considered
including a modification of the Pitot tube principle, locating the inlet of

,| the incinerator feed pump in an area of smaller particles, an initial
maceration cycle prior to incinerator start, air injection, induced water
hammer scrubbing, ultrasonic agitation, etc.

The systems considered the most promising are shown schematically
in Figure 43, 44, and 45.

Of the three methods shown, the modified Pitot tube principle is recom-

mended for phase II because-

(1) sludge is obtained in the area of the highest ielocity
Swithin the bypass tube thus insuring a consistent
mixture
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(2) larger particles will tend to bypass the feed line, due to
velocity, and be macerated to smaller size

(3) addition of active components such as ultrasonic trans-
ducers, etc., are not required

(4) the sludge pump inlet line can be made relatively small
which will increase flow velocity, thus minimizing silting.

The prototype total solids feed and incinerator testing demonstrated
that system sludge can be fed and decomposed by this method. Further
testing will demonstrate the reliability of the Pitot tube feed. The
prototype system tests also demonstrated the inherent capability of
the ihicinerator to burn high solids feed.

I 106
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I 3.3.2.5 Secondary Treatment Subsystem Testing

The nhipcetivp ^f tha se d-brlay treatMC-t 5Y=M, 's '-C F-vlaau an
catalyze sufficient sodium hypochlorite to oxidize the dissolved and
suspended solids remaining after primary treatment. TeRt %pere
conducted to determine typical BOD and COD values remaining after
primary treatment and the sodium hypochlorite dosage required fortreatment. Results are summarized below.

Suspended Solids

Sewage (mg/l) BOD (mg/l) COD (mg/l)
Batch Test Influent Centrate Influent Centrate Influent Centrate

M85-040 A 385 39 400 300 1,478 840

M85-041 A 451 143 660 430 1,516 779[B 4 1 80 660 400 1,516 893

1M85-042 B 410 146 530 300 1,409 846 j

Thes- tests very closely approach typical influent values specified in
Ii the Navy RFP for BOD and low for suspended solids. The centrate

values are therefore considered representative of typical effluent from
the primary treatment system for BOD. The low suspended solids

I indicate a higher concentration of dissolved solids and thus a more
severe test condition. These centrates were treated by incremental
sodium hypochlorite addition and reaction with periodic sampling to
determine the hypochlorite requirement for complete treatment.
Results of these tests, presented in Figure 46, indicate that a sodium
hypochlorite dosage of approximately 5,000 ppm is required to achieve
complete treatment with resulting BOD values of less than 50 mg/l.

[ The 500 sq in. electrolytic cell manufactured by Pacific Engineering
has been selected to generate the required sodium hypochlorite electro-

i lytically from the sodium chloride present in sea water. Calibration

testing of the cells received for the Navy program was completed.
The results of these tests and previous data generated in the pilot

II plant are presented in Figure 47 as a function of current concentration
(current/flow rate). These data indicate that at ambient temperature
and Alth 3 percent salt water a current concentration of approximately

1,2200 amp-min/gal would be required to generate the 5,000 ppm
NaOCI needed in the secondary treatment system. Since the hypochlorite
generation rate is slightly nonlinear relative to current concentration,

d, an incremental or stage-wise generation would reduce this required
current concentration to approximately 1,000 amp-min/gal. This cur-
rent concentration would increase with increased temperature -.nd/or

reduced salt concentration. Incremental sodium hypochlorate addition
in stages was therefore selected for the Navy secondary treatment system.
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I However, to facilitate operation in lGw salt content water as well as
normal sea water, a four-stage system with the first stage operating

I at a current concentration of annroximtptiv 400 nmn-min/A|n snd
the remaining three stages at 200 amp-min/gal was selected for initial
SNavy system testing. The higher current concentration in the initial
stage is to compensate for the high initial chiorine demand (dark reaction)
of the centrate.

I In order to catalyze the decomposition of sodium hypochlorite and
simultaneous oxidation of organic compounds present in sewage, a
photochemical reactor is being used. This reactor consists of a UV

light source located in a concentric tubular reactor with the process
liquid surrounding the light source. The light and process liquid are
separated by a quartz tube. Calibration data obtained in the pilot plant
photochemical reactor cells are presented in Figure 48 as a function
"of reactor volume/flow rate. This figure is used to graphically cal-
culate the number of photochemical cells required under a given set
of flow conditions in the system. The average flow rate required in
the Navy 200 man system is 3. 6 gpm with the flow divided in the
secondary treatment system at 1.8 gpm. Since approximately
1,000 ppm of sodium hypochlorite are generated or residual in each
stage of the secondary treatment system, it can be seen from Fig-
ure 48 that a flow rate or 1. 8 gpm (reactor volume/flow rate = 1),
two photochemical reactors would be required per stage to substantially
decompose the residual hypochlorite. One reactor per stage is presently
in the system followed by one 100 lb catalyst column to remove residual
hypochlorite from the effluent with some resulting BOD and COD
reduction.

Other process requirements that need to be considered are dissipation

of heat generated by the photochemical cells, dissipation of gases
generated in the electrolytic cells, inhibition of the corrosive aspects
of sea water combined with sodium hypochlorite, and protection of

- personnel from UV radiation leakage and high voltages present in the
system. Heat dissipation may be readily accomplished by inline heat
exchangers or jacketed reactors and partially accomplished by re-

T circulating of liquids at higher flow rates. Dissipation or gases
generated in the PEPCON cells was initially to be accomplished by
the use of float type gas vent valves. PVD and PVDC piping, aluminum

I photochemical cells, and cathodically protected copper electrolytic
cells were implemented for corrosion control. Shielding and grounding
connections were employed for personnel protection from electrical
and radiation hazards.

Initial assembly and startup of the secondary treatment system was
accompanied by several problems. The first problem encountered

1 110
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I was with the end seals in the photochemical cell. The planned O-ring
bore seal was ineffective due to poor tolerance control with respect
to the ()u oi the quartz tune. A secona type seal was evaiuatea wherein
the O-ring was compressed with a jamnut, Again, difficulties were
encountered duc to tolcranrc control or. the quartz tubc. Scvcral tubacs
were fractured from overtightening of the jamnut. Finally, a high
temperature silicone rubber was used to bond the tube ends in position.
This seal technique has proven satisfactory to date.

During initial trial runs, excessive gassing and sporadic flows were
evident. It was observed that the planned down-flow condition in the
photochemical cells was not satisfactory and resulted in large gas
pocket formation and overheating. The system was changed to pro-
duce up flow in the cells as was used in the pilot plant equipment.
It was also observed that the gas vent values were not functioning
and that the liquid flow was heavily aerated. The vent valve malfunc-
tion was attributed to deposits in the valve obstructing the outlet
orifice and to the fine entrainment of gas bubbles in the liquid stream.
Liquid was observed at times exiting the gas vent system. The vent
system was finally disassembled and removed. The pressurized dark
reactor also was removed and replaced with an ambient pressure
vented tank to provide deaeration. During subsequent testing, the
flow rate in the secondary treatment system was increased and an3 iinternal recycle loop to the dark reactor added for additional deaera-

* tion purposes. This change also resulted in a reduced operating
temperature due to heat dissipation in the dark reactor.

It was noted during system operation that the centering cap at the top
of the PEPCON cells was partially unseated from internal pressuresin the cell. Some leakage also was experienced. The present PEPCON
design appears to be marginal for a pressurized system and will re-

I quire modification during Phase II if a pressurized system is employed.

During initial testing of the secondary treatment system, periodic loss
in performance of individual photochemical cells was observed. This
Swas determined to be the result of deposits coating the quartz tube
restricting UV penetration. The coating was removed with dilute
hydrochloric acid. This coating is believed to be a result of initial
foaming, gas entrapment, and localized heating during startup and
shutdown modes. Several steps have been taken to minimize foaming
and aeration of the liquid stream (mentioned above). In addition, the
system is placed on closed loop recycic during startup and shutdown
modes providing a controlled cooldown. This mode of operation more
closely approaches that employed in the pilot plant. Quartz tube coating
problems were not encountered in the pilot plant.

1 112
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After initial startup problems were resolved, a series of secondary
treatment tests were conducted wherein flow rate and current concen-

2.5 X X XI ~~Flow 2. X
Rate 2.0 X X

(gpni)i(p) 1.5 X X

I 100 200

Current Concentration
(Amp-Min)

Gal

I The results of these tests are presented in Table XII and provide a
means of final selection of optimum operating conditions. A buildup

of residual hypochlorite is noted in each test run conducted at a
200 amp-min/gal current concentration and to a lesser extent at
100 amp-min/gal indicating a limitation in photochemical capacity.Il A review of BOD and COD reduction indicate that maximum reduction
is obtained at the lower flow rate and higher current concentration
although reasonable treatment also is obtained with higher flows.
A catalyst column was added subsequently to remove residual hypo-
chlorite present in the effluent.

SAdditional testing of the secondary system is covered under 3. 3.3.

I Photographs of the ball valve vent system originally planned to vent
gases from the secondary treatment system are shown in Figure 49.

1
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3.3.2.6 Secondary Treatment Sub- \'stem Testing with Chemical Catalyst

Dissolved biochemical oxygen demand is removed b) the Thiokol
* Advanced Waste Treatment System based on the oxidative power of

hypochlorite. This reaction can be catalyzed by ultraviolet light or
nmeLal oxide solid catalysLs. Both of these have been extensiveiy

studied by Thiokol. A patent has been applied for under TCC 715-J4
using the Thiokol developed catalyst reaction. The chemistry involved

in this reaction is presented as follows:

2NaClO C --O-- 2NaC! 4 20"
C atalyst "

The atomic oxygen produced by the decomposition of hypochlorite
reacts readily with organic compounds in which it comes in contact
to oxidize them to carbon dioxide and water. It also reacts with
ammonia to oxidize the ammonia in nitrogen and various nitrogen
oxides. Typical equations for oxidations of dissolved organics and
nitrogen compo, nds follow:

CnHn.Ox+O 0- C02 + H2 0

- NH 2 CONH 2 + 30'- N- .N2 + 2H 2 0 + CO 2

In addition, some oxidation is achieved from the hypochlorite directly
per the following

I Catalyst
C -M 0 X+NaCIO -- CO2 +NaCl+ H20

I. Catalnst
NH2 CONHO +3NoCIO - N2 +3 NaCl +C0 9 2 1120

Atomic oxygen also combines with itself, producing molecular gaseous
oxygen which can be seen bubbling from the system and again can en-
hance the oxidation of dissolved solids. If the decomposition rate of
hypochblorite is depressed in the form

d___ = -k (O') (Cl-)2

dt

then the value of k for the catalyst is 75. In the absence of the catalyst
with hypochlorite alone, k was equal to 0. 01. It can be seen that by

using the catalyst it is possible to get the same amount of reaction
in an hour that would take days without the catalyst. In addition, the

I temperature coefficient of the catalyst reactivity is over 2 per 10°C

118
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rise, or the k value more than doubles per 100C temperature increase.
The Thiokol catalyst is insoluble in wzter and can be pelletized or

impregnated on different sizes of substrates to pr3vide an activated
filter bed for removing solids. Solid substrates act as pro ,ioters to
the catalyst and will increase its activity.

5| Preliminary investigations substantiate the establishment of catalyst

requirement development goals as listed below:

Temperature - Should be active within 50' to 1007F

I Operational Life -Six months or more without
replacement

Efficiency - A maximum of COD-BOD reduction forii a given time interval and catalyst weight or volume

Reduction after 30 minute reaction cycle in catalytic

I reac .on

COD - 700 to 150 mg/I

BOD - 300 to 50 mg/I

mI Suspended Solids - Less than 100 mg/i

Laboratory scale tests comparing the initial nickel-cobalt Thiokol
catalyst with UV light are presented in Table XIIA. Biochemical

oxygen demand was reduced from 460 mg/i tc. 52 with catalyst and 1
127 withi UV light after 45 minutes exposure.

TABLE XEAUA rI

CATALYST AND UV EVALUATION
(Sewage Batch M-85-053)

Suspended Solids, COD and DOD
Nickel - Cobalt (TCC)

Suspended Spectrosil - UV
Time Solids COD .OD COD O..D

Feed 493 1,004 460 8 290

1 30 min PEPCON 335 655 300 545 210

30 min + 10 Catalyst or LV 100 421 160 352 200

I30 mn - 20 Catalyst or UV 75 31 - 316 185

3UJ min* 3Q tatlt)bt or (J\ J.• 26t6 3i 301 14.,

1 30 min 45 Catalyst or UV 9143 52 167 12

I118a
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I Subsequent laboratoiy data confirmed thesc lata and helped establish

the sequence of hypochlorination addition as summarized in Table XUB.

- h i ,aho UkLw uiuicaFte DOD reuucLionb Lo near zero aider .,,u minmtes oi
exposure of sodium hypochlorite. The BOD reductiu!.., were obtained
I with the sodium hypochiorite added before or after solids rcroval.

Ii Several different uubstrates for the catalyst material have been
evaluated. These substrates vary from porous aluminum oxide to
various magnesium aluminum silicates having a great variety in the1 number of active reactions weights within the substrates. Data pre-
sented in Figure 49a compare the activity index of the catalysts

prepared using different substrates and the same basic cobalt catalyst
treatment process. The tests were conducted at temperatures of
72° and 130F. A colored organic dye (ferroin) was used and the time

1 recorded to obtain a major reduction in the concentration of the dye
as ineasured by colorimetric techniques. Approximately one percent
hypochlorite was used for comparison purposes and assigned an
activity index of one. Substrates evaluated had comparative activity
indexes varying up to 5. 8 for CC5 at 70*F, 11 for WNC-1 at 1301F,
and 19 for CC5 at 1307F. A more detailed review of the character-

S42 istics of the substrates is presented in Table XIIC.

The aging characteristics of the catalyst are of obvious interest to
the successful development on the catalytic system. Thiokol has
conducted an aging program on the catalyst over the last six months.
The catalyst utilized was WNC-1 and a summary of the data is pre-
sented in Figure 49b. The tests were conducted feeding different

1 batches of row sewage filtrate to a catalyst reactor filled with WNC-1
catalyst. The original chemical oxygen demand reduction efficiency
"of the catalyst was assigned as 1. 0. It will be observed from the
data that this value varied from 1. 0 to 3. 0 and has stabilized around
2.0. The higher values reflect a decrease in activity to a level of
one-half of the original activity at the present time. Values where
the activity index dropped to three were obtained when abnormally
high concentration sewage with BOD and suspended solids with over
1,000 mg/l was run through the system. Based upon present tests,
It is concluded that the catalyst retains its activity with repeated
usage over a six month time period. Thiokol's design goal is to pro-
vide a catalyst which can be continuously used for one year without
replacement. Tests have been conducted on inplace reactivation of
the catalyst. Catalyst activity has been successfully increased by
simple exposure to hypochlorite solution.

I1I 118Sb



TABLE- XIB

CATALYST REACTOR DATA .1
'I1 i'l i,,OC HLO Ar ADDITION STUDY I

Suspended Solids COD BOD
A B A B A B

Tests A and B With NaCIO Pretreatment

Feed 355 422 745 994
30 min pretreatment 306 280 232 470 * 330
After filtration 87 8 130 365 * 255
30 min catalytic column 71 * 126 * * 35
60 min catalytic column * 0 * 217 * 0

Percent reduction 89 100 85 78 * 100

Test C With NaCIO Pretreatment (1/2, 1/2)

Feed 462 1,001 *
30 min pretreatment 420 595 350
After filtration 8 232 115
30 min catalytic column 0 221 0

Percen' reduction 100 78.0 100

Test D With NaCIO Multiple Addition (1/4, 1/2, 1/4)

Feed 458 952 405
30 min pretreatment 238 748 295
After filtration 0 404 50
30 min catalytic column 0 289 0
60 min catalytic column 0 220 0

Percent reduction 100 76.9 100

Test E No Pretreatment, NaCIO Added to Filtrate

Feed 518 1,047 525
After filtration 138 554 405
30 min catalytic column 0 548 0
90 min catalytic column 0 181 0

Percent reduction 100 83 100

*No data
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SUMMARY OF CATALYST SUBSTP.ATE TYPES

1 1. HARSHAW ALUMINA - WNC-1

"Has good high temperature properties and activity. (1) Excellcnt efficiency. (2)

Hard pellet, good operating life. High cost and density. Poor ambient
temperature properties.

2. UNION CARBIDE MOLECULAR SIEVES - WNC-2, WNC-3

Good high and low temperature properties. Average efficiency and good
activity. Low cost and density. More friable than others.

3. GRACE SILICA GEL

Has excellent hardncss and medium density. Good high temperature
efficiency and activity. Average low temperature activity. More study

required.

4. UNION CARBIDE PREPARED CATALYST

Five samples sent to date. Sample 4 is similar to WNC-3 except for
poor efficiency. Sample 5 preliminary data indicates excellent high and

low temperature activity and average efficiency. Some density and friability
as No. 2 above. Testing not completed.

5. NORTON ALUMINA

In general activity below those above per u.nit of volume. Testing not
complete.

(1)The abiliLy to accelerate the decomposition of hypochlorite.
(2)An indication of the amount of organic material decomposed per unit of

hypochlorite.
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I After obtaining thc highly encouraging laboratory data reviewed
above, a 50 lb catalyst column was fabricat--d and tested in con-

I junction with a PEPCON electrolytic cell and several different

Calibration data obtained in the pilot plant are presented in Figure q
50, 51, and 52 relating the disappearance of sodium hypochlorite as
a function of catalyst weight/flow rate at several temperatures. The

activity of the catalyst is observed to exhibit a strong temperature
dependency. A temperature of 130°F was selected as an operating

J temperature for initial testing.

A series of tests were conducted using clarified sewage to evaluate

the efficiency of hypochlorite utilization in BOD reduction in the cata-
lyst system under different flow and concentration conditions. A 500 sq.' in. PEPCON cell and a 50 lb catalyst column were arranged in a
batch recycle system for these tests. The ratio of catalyst weight/
flow rate and current concentration were varied as follows.

100 x1
Cat. Wt (Ib)
Flow (gpm)

I.20 x

1 2 x I

100 200 300 500
Current Conc

(amp-mrin
gal

The results of these tests are presented in Table XIII. A graphical

analysis of these data, presented in Figure 53, indicate the catalyst
to be inefficient at high current concentrations and high hypochlorite
concentrations. Although hypochlorite is rapidly converted under
these conditions it is evidently consumed in competing reaction such
as molecular oxygen formation rather than BOD reductions. Hypo-

chlorite concentrations of less than 1,000 ppm per stage appear to be
satisfactory. The catalyst to flow rate ratio of 50 to 100 per stage
also appear favorable for optimum system operation.
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3.3.2.7 Control Subsystem Testing

F Prototype Evaluation

Prototype evaluation was accomplished during installation and checkout.
i The following descriptions are reRnilts from that evaluation.

Primary Treatment System

The present pressure switches, used for level detection on the pri-
mary tank, are inadequate due to their large differential pressure and
repeat accuracy.

Centrifuge

It was found that the centrifuge motor draws 40 amp for greater than
12 sec during startup, when the basket is loaded. This excessive
current overheats the motor and if continued starts are made under
this condition, the motor could be seriously damaged. Since the
handbrake is to remain on the centrifuge, care should be taken to
insure it is not in the locked position when attempting to operate.

Sludge Tank

I The sludge pump oL.put does not provide adequate pressure to actuate
the sludge pump pressure switch thus terminating the flow of sludge
to the incinerator. With the different method of introducing sludge

into the sludge tank, the present handling of sludge is inadequate.

I Incinerator

I The location of the present thermoswitches on the incinerator are
wrong. The sensing probes of the switches extend only to the edge

of the insulation and are more sentitive to the insulation temperature
rather than the atmosphere in which the sludge is being incinerated.
Ideally, the sensing instrument should be at or near the burner. The
temperature at this location is in the vicinity of 1,9000 F. The present

thermoswitches are only capable of 1,5000 F.

I At present, care must be taken to turn off the incinerator burner and
S make sure it cannot be turned on prior to opening the incinerator door

since the burner is a personnel hazard if it should light with the door
open.

I
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3. 3.3 Integrated System Performance with Ultraviolet Lamps

The complete 200 man Navy waste treatment system has been operated

for 86 hr. The incinerator operated for approximately 50 of these
hours. The centrituge, part of the primary treatment subsystem,
accumulated an additional 153 hr earlier in the program for a total of I
239 hr. Problems encouitered in system startup and operation were

discussed under the applicable subsystem section. A brief summary

of the problems and the corrective measured taken is given below,

System Problem Summary

Subsystem Problem Corrective Action

1. Primary (a) Matted paper resisting fluidi- (a) Prescreening influent
zation and obstructing skimmer
tube during skim mode

(b) Level detectors drift (b) Reset and calibrate

2. Secondary (a) Leakage of liquid seal in UV (a) Replaced O-ring with
cell RTV seal

(b) Excessive aeration of process (b) Gas vent valves and
liquid pressurized dark

reactor removed.
Vented tank with
recycle loop added

(c) Coating over quartz tube in (c) System placed on re-
UV cell cycle during startup

and shutdown for
temperature control

(d) Excessive temperature (d) Liquid recycle and re-
placement of UV lamps
with catalyst

(e) Anode movement in PEPCON (e) Available larger ports
cell from internal pressure will lower backpressure

3. Incinerator (a) Burner will not light (a) Air flow thru burner
reduced for lighting

(b) Residue buildup in blower (b) Redesign using plenumSadapter chamber and eductor

(c) Temperature control (c) Proper air inlet control

(d) Silica liner failure (d) Changed air inlet position.
Replaced part
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I iData accumulated during initial system operation are presented in
Tables XIT thru XVIUI. The tables are segregated to reflect changes

in process flow evolved during startun.

Table XIV reflects the initial process flow configuration. Ir this
configuration, the secondary flow is divided after the dark reactor with
one-half being processed in the PEPCON/UV series and the remaining
one-half discharging to a drain field. The diEcharge stream would
pass through a second PEPCON/UV series in the completed system.
Analysis of these data indicate a very low sodium hypochlorite con-
centration eiting from the dark reactor resulting in poor utilization
of UV Cell No. 1. A continued increase in hypochlorite concentration

in the system indicates a lack of photochemical conversion or insuffi-
cient number of UV cells. The primary feed pump was delivering

9 gpm of sewage to the centrifuge on an intermittent basis (dictated

by level sensors in the centrate tank) resulting in lower than normal
solids removal, and high COD's and BOD's. Primary tank feed
pump output was subsequently adjusted to the design value of 5 gpm
and satisfactory suspended solids removal was obtained. The centri-
fuge is designed to operate continuously regardless of feed rate and

rthe data obtained at the 5 gpm feed rate both with continuous feed and
intermittent feed showed no difference in operating characteristics.

The secondary flow was divided prior to the first two PEPCON cells
and dark reactors in the tests shown in Table XV. This resulted
in a higher hypochlorite concentration entering UV Cell No. 1 and
better utilization of UV Cell No. 1. A continued buildup of residual
hypochlorite Is still observed indicating insufficient number of UV
cells for the flow rate and power levels used in the test run. The
primary feed pump still operated on an intermittent, high flow rate
basis. Adequate treatment was not achieved.

I A 100 lb catalyst column was added to the secondary treatment system

(tests shown in Table XVI ) to remove residual hypochlorite from the
effluent. A gate valve was added to the primary pump as an interim
measure to control the flow rate to the centrifuge.

Periodic problems were experienced during the skim mode on the
centrifuge with paper matting obstructing the intake of the skimmer
tube. An inclined screen with 0. 060 in. openings was added to the
system in the tests shown in Table XVII to remove paper and other
materials potentially capable of plugging the skimmer tube. The
flow rate was also reduced to correspond to the average rate of flow
anticipated for a 200 man system; is, 3.6 gpm. High residual hypo-

I chlorite concentrations present still indicate the lack of sufficient
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UV cells in the system. Improved treatment was obtained, however,
due to the lower flow rate.

In order to reduce the degree of aezation of the process fluid believed
c ....... ,,- w,- L&,, Lu waiiung probiem, a recycle loop was

added to the secondary system as indicated in Table XVMII. The gas
vent valves, which proved nonfunctional, and the pressurized dark
reactor were remo% ed and replaced with an ambient pressure tank.
The flow rate through the secondary system was increased to 7. 2 gpm
with 1. 8 gpm flowing through the system and 5. 4 gpm recycle.
Flow is initiated (full recycle) prior to system startup and after sys-
tem shutdown to prevent localized heating in the UV cells. A reduced
operating temperature was observed with the recycle system due to
heat dissipation in the recycle tank. The high residual hypochloritc
concentration in the recycle effluent again indicates the limited photo-
chemical capacity of the system for the flow rate and power levels
tested. Analytical data obtained indicate acceptable performance
in suspended solids removal and marginal performance in BOD reduction.
The presence of a white, colloidal precipitate in the effluent prompted
addition of a second centrifuge to the system. Removal of this precipi-
tate resulted in a slight reduction in COD.

In conclusion it is apparent from the data presented in Table XVIII
that the proposed Navy system with 8 UV lamps will not meet the BOD
requirement of 50 mg/l without the addition of more UV cells. It is
estimated from data presented in Figure 11, Section 3.2.2.3, that the
UV lamps will have to be doubled to meet the BOD specification. The
technical feasibility of all other subsystems have been demonstrated.
It is, therefore, concluded that all Navy requirements can be met with
a 200 man system containing 16 UV cells in place of the 8 cells
originally proposed.

II
I
I
I
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I, J
TABLE XVI

Z00 MAN %iASTE T"RATMENT SYBTEM EVALUATION
(F Low C)

SFPTIC TANK

INFLUENr TANK CENTRIFUGE DARK REACTOR PEPCONI1IV CELL CAT COLUMN

O'rlrary Seoonduar PEPCON
Flo Flow Current 8ampl. Temp NACIO COD BC)D SsBatch. Teal m~ in -Ft ~ ~ n ~ ~ m/ ~f~~ gj

2ms-119 A 5 2-1/2 500 Irdluent 63 7.35 842 238 270

CeOMrMr. 60 7.50 -- 540 288 135

PEPCON 1, 2 $1 7.95 1,538[ 
Dark reactor 80 7.85 1.380

UV No. 1 85 7.80 1 25
PEPCON 3 93 8.05 2.S50

S UV No. 2 103 7.90 182'

P1EPCON 4 11i) 8.05 2.850
LV No. 3 120 7.90 9.075

PEPCON 5 131 8. 05 3,150
UV No. 4 143 7.80 2035 193 142

Cst. Cot 142 6.90 14 130 114 104

M95-119 A 5 2-1/2 500 inIflent - 674 560 262
Centrat* 

356 300 136
0
CPCON 1.2 100

Dark resctor 738
UIV No. I 

G00

PEPCON 3 1,600

SUV No. 2 1, 150
PEPCON 4 

1.950

LV No. 7 1,460

PEPCON 5 2,300

L'V No, 4 2.050 60 220 125

SCat. Col 540 10 160 122
M15-11 B 3 1-1/2 300 Irlnuent - 497 420 162

Centrate - 295 270 92
PEPCON 1. 2 1,250

Dark 'eactor 1,0025

LV No. I g00

PEPCON 3 1.900

UV No. 2 1,250

PEP:ON 4 2.100

UV No. 3 1,350
PEPCON 5 

2,100

U UV No. 4 1,950 Nil NL1 70

Cat. Col 133 Nil 82 88

I
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200 %LA.% VASTF T REATMIENT 'YSTEM EALUATION

FPlo, F)

'•IP'WC TANK

PRF.CR F.% Ell

SINFLUENT TANK CENThRFUGE P -PCON DARK REACTOR PEICON I CELL CAT COL

Primary Secondary PEPCONSe...go FLo.. rlow Current Samnple Temp NACIO COD BO1 58I. FILh Test Jgu--- (C~ (-nP) Statonr X .L PH PP) L1L 4mg/ l ,
.195-123 A 3,6 1.8 300 1Illu nt SO 7.10 2,462 344 1,452

Screen 80 7, 10 -- 1.474 222 694
Co•trata 80 7.50 - 739 179 304

PEPCON 1, 2 74 1.60 590
Dark reactor 108 7.60 1.075
LV No. I 100 7.00 1.0:5

PEPCO 3 110 7.70 1,322
UV No. 2 113 7.75 1,150PEPCON 4 13 7.85 1,40

UV No. 3 116 7.00 1•.20
PEPCON 5 116 7. 5 I, 1 O0

UV No. 4 119 7.50 1,325 1,4 152 75

Cat. Col 114 7.20 430 220 108 as
Cat. Col. 100 32 36

.'.1e5-124 A 3.6 1.6 300 Inlluent 05 -6.12 2.010 5.694

Screen 64 -- 6,3S7 I19 54C
Cenlrate 67 - 1,575 176 126
PEPCON 1. 2 73 700

Dark reactor- 109 1.100
UV No. 1 112 1,100

•iPEPCKO'N 3 113 1.500

UV No. 2 115 1.350

PEPCON 4 115 1,500

UV No. 3 119 1,400

PEPCON 5 19 1,700

UV No. 4 123 8.500 63 6

Cal. (ol 117 420 68 45M195-125 A 3.0 1.8 300 lnIuent

Scre"M 814 163 278
Centrate 568 188 110

UV No. 4... 315 109 70

Cat, C.I 242 103 75
M1,1122 B 3 6 1.4 300 Influent

Screen 602 169 305
Centrate 372 151 52
UV No. 4 112 110 55
Cat. (0-,1 

6 890 52
lit ,-I2,G A 2.• $ L4 0 300 16110nl1 1.418 45r 559

Screer

Centr ut. ' 2r, 140
U% ,. I2' 19, 5

Cat. (-I 124 .,I 45
" olsllyl ,-olunn 4luent •ploed thro'agh sicoro ctwid .luge NRec elo 1-p passed thr lgh Senorr (--trlfut,
'I1, rI-k i' tnr n [lIa:,'nt pasntl throtigh s-¢nol ( oentrlg'.

134

I1



I
3.3.4 Integrated Systems Performance with Thiokol Catalyst Reactor

Due to the problems associated with the addition of extra UV cells to

the Navy system, Thiokol conducted a parallel program to evaluate

the performance of a newly developed catalyst system as a candidate
replaoeiuent for the UV cells iii Lhe integrated system design. The
catalyst reactor subsystem performance was discussed in Section
3.3.2.5. The purpose of testing review in this section of the report
was to verify performance of the catalyst integrated with other full
scale Navy subsystems.

A catalytic secondary system was constructed capable of processing
1. 8 gpm of clarified sewage. Five 500 sq in. PEPCON cells were
arranged in series with four 100 lb catalyst columns. A heat exchanger
was added for temperature control. A current concentration of approxi-
mately 200 amp-rmin/gal* and a catalyst weight/flow rate ratio of 60 to
70 lb-min/gal were used per stage. Several test runs were conducted
with this system for evaluation. The results of these tests are outlined
in Table XIX. No problems were encountered during the tests. Sus-
pended solids and BOD reductions obtained were generally within the
desired effluent standards.

The prototype Navy waste treatment system containing catalyst
columns to replace the UV cells produced an effluent with an average
suspended solids of 39 mg/I and BOD of 52. 5 mg/I for six runs.
This compared to an average suspended solids of 57.5 mg/l and BOD
of 142 mg/i for four PEPCON/UV runs.

It is recommended that the catalyst treatment system be selected
for the Phase Il Navy system due to better performance with a
smaller number of cells at greatly reduced electrical power. The

I design recommended in Figure 58 also incorporates a final catalyst
polishing column. This will reduce effluent hypochlorite concentra-
tion from around 200 mg/1 to less than 50 mg/l. The catalyst column
will also reduce effluent BOD by 5 to 10 mg per liter.

I
I

for the ,,igh initial chlorine demand as in the PEPCON/UV system.
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3.3.5 Phase II Design Performance Verification

The Phase I feasibility and demonstration tests with the UV photo-
chemical and chemical catalyst systems were conducted in a stagewise,
series configuration. While this type system is adequate for system
performance analysis, it is not necessarily the optimum configuration
for shipboard installation. Several problems are inherent with a
series system.

1. Maintenance work required on an individual component
would require total system shutdown.

2. The comparatively low flow rates involved in the series
system facilitate residue buildup on the PEPCON cathode
and in the catalyst columns and UV cells.

3. Degassing of the process liquid would be required in

each stage.

4. The high temperature operation of the PEPCON cells4 result in reduced operation efficiency.

The disadvantages of a series process may be resolved by a revision
in process flow incorporating a high rate recycle secondary treatment
system as shown in Figure 54. The PEPCON electrolytic cells,
chemical catalyst columns or UV photochemical cells are arranged
in parallel flow.

This system balances the rate of sodium hypochlorite generation in
the PEPCON cells with the rate of decomposition in the catalyst
columns or UV cells such that a low equilibrium concentration is
achieved in the two recycle tanks. A small catalyst column or UV
cell on the effluent line removes residual hyvochlorite from the
discharge. The average consumption of hypochlorite per gallon of
process liquid discharged Is sufficient for adequate BOD removal.
Heat is added to the catalyst system or removed in the UV system
by an inline heat exchanger. The electrolytic cells operate at a re-
duced temperature the case of the catalyst system by exchanging heat
between catalyst influent and effluent streams. The advantages of this
type system over a series arrangement are listed below.

1. Individual components, by valving, may be removed for
servicing without system shutdown. Stand by units are
also easily placed on stream in a parallel flow arrange-
ment.
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1

1 2. Higher velocities in the recycle system retard deposit
buildup on the PEPCON cathode and in the partially
fluidized catalytic bed.

I 3. Thermal isolation of the PEPCON cells provide more

efficient operation at a reduced temperature.

4. The process liquid is degassed at two locations, hydrogen
from tank "B" and oxygen and oxidation products fromtank "tA.-I

Several test runs were conducted with the recycle type secondary
treatment system using both the catalyst and the UV photochemical
cells. The test results from these runs are presented in Table XX.
Effluent suspended solids and BOD values are generally in line with
effluent requirements.

Additional problems are inherent with use of the UV photochemical
cells, however, regardless of the process flow.

1 1. High power requirements.

2. High voltages.

1 3. Ultraviolet radiation leakage.

1 4. Potential breakage of components, quartz tube, lamp, etc.

j 5. Potential coating of quartz tube with contaminants.

The use of a chemical catalyst system eliminates those problems
associated with the UV photochemical system and accomplishes the
same basic function. The chemical catalyst system 's, therefore,
much better suited for shipboard application.

The process flow recommended for Phase IH evaluation involves a high
rate recycle secondary treatment system with PEPCON electrolytic
cells and chemical catalyst columns arranged in parallel flow as shown
in Figure 54. The following process parameters have been defined for
system performance based on test results to date.

I
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I
Parameter Definition Value

I Cr C c•r'.-urrent 1,000 AmP-Min
Current Concentration Flow thru Rate Gal

CtCatalyst Weight Lb-Mm

Catalyst Requirement Flow thru Rate 225 to 300 Gal

Catalyst Operating 1250 to 135 F
Temperature

Recycle Flow
Recycle Ratio Flow thru Rate 10 to 20

For a 3.6 gpm average flow rate, the secondary system would consist

of eight 500 sq in. PEPCON cells operating at a current density of
0.9 amps/so in. (3,600 amps) and four 200 lb catalyst columns
(800 lb total). An additional small catalyst column will be added to

the effluent stream for residual hypochlorite stripping prior to dis-
charge.

Ii
!
I
I
I

I
I
I
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1 3.4 ReLiability and Alaintainability

i During Phase I of the Navy Waste Treatment Program, the Reliability
and Maintainability (R & M) effort described in the R & M Program
Plan was accomplished as follows.

1. A 13 page designer's checklist was prepared and distributed
I to design personnel within the first few days of the program

to assure that R & M goals and concepts were incorporated
In the conceptual phase of the design effort. Copies were

I submitted to the Navy.

2. R & M engineers attended a conceptual design review meet-
ing held 7 Jun 1971 to follow up the initial checklist effort
and make recommendations as deemed necessary to assure

I that R & M demonstration requirements would ultimately
be met. Copies of the minutes of this meeting were sub-
mitted to the Navy.

3. R & M engineers participated in a preliminary design review
i meeting held at Thiokol 11-13 Jul 1971 and again made

recommendations for Incorporation of R & M concepts and
designs to assure that the R & M goals published in the

3 proposal would be met. Copies of the minutes of this meet-
ing including comments by R & M engineers were submitted
to the Navy.

4. A preliminary R & M Program Pian was prepared and sub-
mitted to the Navy on 25 Aug 1971 in accordance with
Sequence No. A001H of the contract data requirements list.

5. R& M engineers observed the development effort by peri-
odically visiting the waste treatment facility to aacertain
problem areas and to follow up the R & M effort previously
performed. Based on information obtained, a preliminary
failure modes and effects analysis was completed for the

initial baseline system. This analysis will be updated and
become the starting point for the maintenance engineering
analysis to be initiated during Phase II. Copies will be
transmitted to the Navy in accordance with the approved
contract data requirements list during Phase II.

6. Meetings were held with Thiokol subcontractors Gibbs and
Cox, DeLaval, and Pacific Engineering and Production Co
of Nevada to determiae what R & M recommendations they
considered important to the system. These suggestions will
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Ibbe used as applicable to the overall R & M objectives for
the system.

II 7. Reliability goals were established and included in the R & M
program plan. There is not enough test data available to

date to assess the demonstrated R & M for comparison to
the established goals. However, problem areas have been
isolated and recommendations made for continued develop-
ment effort during Phase Il. The findings of the R & M
engineers generally agree with recommendations and coin-
ments made throughout this report.

Many of Lhe R & M features planned for the final system were not in-
corporated into the Phase I baseline system since they are planned
for Phase II and III. Nevertheless, all salient R & M features deemed
essential for the system are being evaluated and will be available for
incorporation into the final system.

I
I
I
I
I
I
I
I
I
I
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3.5 Analytical Methods Waste Water Analysis

The standard test methods used for sewage and waste water analysis
wert: iouni to be inaccurate in testing effluents from the waste treat-
ment system. The three major differences from normal sewage
were (1) sea water or brac!-. sh water salt conteuL, (2) high concen-
trations (200-2, 000 ppm) of sodium hypochlorite and (3) chlorate ion
concentrations up to 1,000 ppm from hypochlorite rearrangement.

I I The effects of these conditions on each of the standard tests, suspended
solids, chemical oxygen demand (COD), and biochemical oxygen
demand (BOD) are discussed below.

3.5.1 Suspended Solids

The suspended solids proceedure described in the Standards Methods
for Water Analysis. 12th Edition, page 424, is not suitable for ana-
lyzing solids in sea water. No provision is made to wash the salt
out of the mat. A study disclosed that to successfully process sus-
pended solids the proceedure would have to be changed. Table XXI
indicates the difference found when the salt is washed out of the mat.

I TABLE =OU

I WATER WASHING OF SUSPENDED SOLIDS MAT

SMethod Water Washing
(no water wash) (2,100 ml H120)

Sample mg/I .mg/l

M-85-071E8 420 190

M-85-071F9 440 220

M-85-071G10 390 215

SM-85-071K14 325 150

M-85-071M19 590 185

M-85-071P28 355 145

3.5. 1. 1 Suspended Solids Determination Procedure

A Thiokol Development Analytical Procedure 0090 was written and
established as the standard for suspended solids determination.
The procedure incorporates the glass filter mat specified in the 13th
Edition of Standard Methods No. 224C, page 537. The mat used is
a gelman Type A.
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DEVELOPMVNT ANALYTICAL PROCEDURE 0090

Determination of Suspended Solids in Sewage Samples

1.0 TEST DESCRIPTION

A sample is filtered with a glass fiber filter disc.
This is washed with watev. The disc is then dried
and weighed. The suspended solids are then calculated.

2.0 APPARATUS

2.1 Glass fiber filter discs 4.7 cm, without
organic binder, Gelman Type A, or equivalent.

2.2 Filter bolder, membrane filter funnel,
millipore or equivalent

2.3 Suction flask, 500 ml

2.4 Drying oven, 103-1050C

2.5 Dessicator

2.6 Analytical balance, 200 g capacity,
capable of weighing to 0.1 mg.

S3.0 PROCEDURE

3.1 Preparation of glass filter disc: Place theI disc on the membrane filter apparatus. While
vacuum is applied, wash the disc with three
successive 20 ml volumes of distilled water.I Remove all traces of water by continuing to
apply vacuum after water has passed through.
Remove filter from membrane filter apparatus,
and dry in oven at 103-105*C for two hours.
(Put filter in Al dish, planchet on other
suitable container to dry.) Remove to

- dessicator cool and weigh. Repeat heating
to constant weight. When constant weight is£ obtained store in petri dish until needed.

1
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I 3.2 Place the tared disc in the filtering apparatus,
3 assemble and begin suction. Shake the sample

by means of a 100 ml volumetric cylinder. If
suspended matter is low, a larger volume may befiltered. (If solids are so high filter isplugged a smaller volume may be used).

3.3 Wash the sample with distilled water using a

"minimum of 100 ml.

3.4 Carefully remove the filter from the membrane
filter funnel assembly. Place in drying oven
and dry at 103-1050C to constant weight.

1 4.0 CALCULATIONS

14.1 Calculate the suspended solids as follows:

Suspended Solids mg/l . (A - B)X 1000
ml of sample filtered

A - Wt. of filter and residut

I B - Wt. of filter

I
I

Prepared by: Approved by: 4 r

SOrrin E. Baird "visSupervisor
Analytical Methods " .cal Methods
Development Section 

- ,ent Section

I
I
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I 3.5.2 Chemical Oxygen Demand

The Standard Methods Procedure(l) calls for an addition of mercuric
sulfate to the sample to tie up the chloride nR Rlightly RnhhlFip mrreuirie
chloride. This works well with low chloride samples but not when
chloride is in the range of 1 to 3 percent.

I Three sewage samples were prepared. One sample was as received,
one had 1 percent NaCl added and the other had 3 percent NaCl added.
The COD on these samples were determined three different ways.

1. Regular method.

2. Ag 2SO 4 was added to precipitate the chloride as silver
chloride and then COD determined as usual.

3. Same as Method No. 2 except the silver chloride was
filtered out.

The results of this study are shown in Table XXIl. It can be seen that
both attempts to remove chloride by percipitation failed. The table
also shows that the COD results are higher when the chloride content
is above I percent. The chloride ion causes high COD results by the
following reaction.

6C1+ Cr207 + 14H+-- 3C12 + 2Cr +7H 0

I TAtBLE XCXII

DETERMINATION OF COD
(mg/I)

2 3
1 Centrate Centrate

Centrate 1% NaCl 3% NaCI

Standard Procedure 140 158 244

Cl precipitated with Ag then COD run 170 273 214

Cl precipitated with AG then filtered COD -- Nil* Nil*
run

(1)"'Standard Methods for Examination of Water and Waste Water, 12th Edition,

Amer. Pub. Health Assn., New York, 1965, p 510.
"Filtering may have removed organic.
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ICripps and Jenkins( 2) and Burns and Marshall( 3 ) have written reports
where a correction factor is applied to the final calculation. These

ieI.I) U a applhcuble up to 3. 5 percent ixa0i concentrations. kioth
methods are processed the same but the chloride correction is different.
After experimerting it was determined that the mcthod described by
Burns and Marshall was the best for our use.

In this method solutions of distilled water containing known amounts
of NaCl are prepared and the COD is determined on each of these
solutions. A curve then is prepared on logarithmic paper of COD vs

I per~cent NaCl in solutions. From this curve a correction is obtained
for use in calculation of the COD in the sample. A Development Analyt-
ical Procedure 0084 has been written to define the procedure for labora-
tory use.

Three samples of sewage were obtained, NaCI was added to each of
these samples and the COD determined by this DAP. The results are
recorded in Table XXIII. It can be noted that the COD results are

j approximately the same up to 3.5 percent NaCI. The slight difference
is no more than the precision of the method.

I Sample M-85-018A (which contained 1 percent NaCI) was tested by
the new method as written in the DAP and the old method as written

I in the Standard Procedure. A special effort was made to add a 10:1
ratio of mercuric sulfate to sodium chloride present. The results
are recorded inTableXXIV. The results are approximately the same

j by either method. The new method takes about one hour longer. It
is recommended that for samples of 1 percent NaCI and below the
present method be used. The new procedure should be used for all

samples when NaCI is greater than 1 percent.

The high concentrations of NaCIO used in the waste treatment to
oxidize the organic materials also produce sodium chlorate through
the following reactions.

3 NaClO - NaClO3 +2 NaCl

I The presence of the chlorate in the sample causes a significant de-
pression of the COD values. The data presented in Table XXV and
Figures 55 and 56 show that the correction is not linear and is

dependent upon both the NaCIO 3 and the COD concentration.

( 2 )Cripps, J. 1M. and Jenkins, D., "A COD Method Suitable for Analysis of Highly
Saline Waters," Journal of WPCF 10, 1240, October 1964.

( 3 )Burns, E. R. and Marshall, C., "Correction for Chloride Interference in COD

Test," Journal of WPCF 12, 1716, December 1965.
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A statistical study of the data resulted in the following equation.

I InCA Fuf?11 Inc

A COD f ".COD " `3 ..... 3

1. 0675 - 0. 01202 ,/Na-IOI a,

This equation corrects for the nonlinearity of the NaCIO effect and
the interaction of the NaClO 3 concentration with the COD? concentration.
It was based on 47 degrees of freedom and correlates at a R 2 = 0. 9970
level with a Sy, x, x2 = 17.1 mg/l actual COD.

3.5. 2.1 COD Determination Procedure

I The development analytical procedure used to determine the amount
of COD in highly saline water is included as follows.

1iJii

I
I
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DEVELOPMENT ANALYTICAL PROCEDURE 0084 - REV. A

Determination of COD in Highly Saline Waters

1.0 TEST DESCRIPTION

A sample of sewage is put into a flask. A measured amount of

standard potassium dichromate is added with sulfuric acid.
This solution is boiled to oxidize the organics. The excess
potassium dichromate is back titrated with standard ferrous
ammonium sulfate solution. The COD is calculated from amount of
potassium dichromate used in the reaction. A correction is made
for sodium chloride in the sample.

2.0 APPARATUS

2.1 500 ml Erlenmeyer flask with ground-glass neck, or
equiva lent.

2.2 Friedrichs condenser at least 6 inches long. A Grahm
condenser at least 300 mm long may be used.

2.3 Hot plate

3.0 REAGENTS

3.1 Standard potassium dichromate solution, 0.25 N
Dry primary standard grade K2Cr2O7 at 105 0C for 2
hours and dissolve 12.259 g in distilled water and
dilute to 1 liter.

3.2 Sulfuric Acid reagent concentrated H2 SO4 containing
30 g silver sulfate (Ag2SO 4 ) per 9 lb. bottle (1 to
2 days required for dissolution).

3.3 Ferrous ammonium sulfate solution dissolve 98 g
Fe(NH4 ) 2 (S0 4 ) 2 .6H 2 0 in distilled water, add 20 ml
concentrated H2 S0 4 , cool and dilute to 1 liter.
This solution will be about 0.25 N but must be
standardized against K2Cr2O7 daily. Standardization:
Dilute 25.0 ml standard dichromate solution to about
250 ml. Add 20 ml concentration H2 SO 4 and allow to
cool. Titrate with the ferrous ammonium sulfate
using 2 or 3 drops of ferroin indicator.
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3.4 Ferroin indicator solution dissolve 1.485 g
i, 10 phonanthroline monohydrate and 0.G95 g
FeSO4 • 7H20 in distilled water and dilute to
100 ml. Equivalent Fisher, Ferroin Cat. P-69.

3.5 Mercuric Sulfate, reagent grade

3.6 Isopropanol

4.0 PREPARATION OF COD DUE TO CHLORIDE CURVE

4.1 Prepare solutions of distilled water and sodium
chloride to contain the following:

0.01, 0.05, 0.1, 0.5, 1, 2, and 3% NaCI.

4.2 Place 4 to 6 glass beads in a 500 ml Erlenmeyers flask
and add 50 nil of one of the above NaCI so'.utions to
each one.

4.3 Slowly add solid HgSO to each sample in the ratio
of 10 mg to each mg of C17 present in the aliquot.
(Note it is important that there be at least a
10:1 ratio of HgSO4 to CI17).

4.4 Cool the flask in a bath consisting of dry ice and
isopropanol. Then add 75 ml of H2 SO4 reagent. This
addition should be made slowly so the sample does
not warm up.

4.5 Add 25.0 ml of 0.25 N K2Cr 07 solution mix and attach
to a clean condenser. Ref~ux on a hot plate for two
hours. Cool and then wash down the condenser with
approximately 25 ml of distilled water.

4.6 Remove from condenser and dilute the mixture to
approximately 350 ml and cool to room temperature.
Titrate the excess dichromate with standard ferrous
ammonium sulfate using 2 to 3 drops of ferroin
indicator. The coior change is sharp, going from
green of chromic ion to red coloration.

4.7 Run blank using distilled water through all steps.



I

4.8 Calculate mg COD per liter as follows:

(A - B) N X 8000

ml sample

A = ml Fe(Nh- 4 )2 (S0 4 ) 2 used for blank

B = ml Fe(NH4 ) 2 (SO 4 ) 2 used for samp~a

N = normality of Fe(NH4 ) 2 (S0 4 ) 2

1 4.9 From COD determined prepare a curve on logarithmic
paper COD versus % NaCl in sample.

5.0 DETERMINATION OF COD IN SEWAGE SAMPLE

5.1 Transfer sewage sample to Waring Blender and turn on
and stir for 1 minute. Immediately after stirring
obtain a 50.0 ml aliquot and transfer this to 500 ml

I Erlenmeyers.

5.2 Add glass beads to Erlenmeyer flask and repeat steps
4.2 through 4.7.

6.0 CALCULATION OF COD IN SAMPLE

[ 6.1 For samples containing 50 ml of original sample

CODmg/l=0 X 1.20

A = ml Fe(NH4)2 (SO 4 ) 2 for blank

[. = ml Fe(NH4 )2 (S0 4 ) 2 for sample

N = normality of Fe(N114 ) 2 (SO 4 ) 2

D = chloride correction from graph

[
Prepared by: Approved by:

0 . E. Baird. Assoc. Scientist D. B. Davis, Supervisor

Analytical Methods Analytical Methods

Development Section Development Section
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TABLE MIII

I DETERMINATION OF COD WHEN NaCI IS ADDED

CuD mg/i
% NaCI Added 0 1 1.5 2 3 3.5

Sample I 135 145 -- -- 167

Sample II -- 1,064 1,043 1,064 1,056 1,064

Sample III 443 428 450 432 439 --I

m TABLE MXIV

J DETERMINATION OF COD IN SAMPLES CONTAINING 1 PERCENT NaCI

i Sample ID PEPCON Run No. No. No. No. No.

M-85-018A Centrate 1 2 3 4 1 2 3 4

£ Standard Procedure,
Old Method 635 391 164 417 341 391 374 480 500

DAP, New Method 665 392 162 434 328 385 372 481 432

1

I
I

I

1 153



I

I TABLE XXV

SECOND MATRIX TEST RESULTS

(Measured mg/i COD Shown in Matrix)

I NaC103 COD Added (mog/l

(ragi/l 100 300 500

1 75 260 459
100

1 80 268 474

200 63 205 426!
37 192 338

500
-- 183 --I

1,000 3 133 286

1,500 Nil 96 240

1
I
1.
!
i
i
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J.5. 3 Biochemical Oxygen Dernand

The presence of chlorates has an adverse effect on BOD analyses.
However, concentratbins of less than 100 ppm exert no observable
influence. Since the dilution of samples for BOD reduces the actual
chlorate concentration in the sample to well below 100 ppm, there
is no measurable effect on our analysis. Figure 57 indicates the

straight line relationship and no correction up to 100 ppm chlorate.

3.5.4 Determination of Sodium Chlorate

The method for determination of sodium chlorate received from
Pacific Engineering was adapted to use for analysis of sewage samples.
The procedure was written as Development Analytical Procedure 0094.
Synthetic samples were prepared and tested by this procedure. The

results shown in Table XXVI show the procedure to be very good.

3.5.4. 1 Sodium Chlorate Determination Procedure

The development analytical procedure used to determine the amount
of sodium chlorate in sewa•- samples is included as follows.

!
I
I

I
I

I

2 t 157



I

DEVELOPMINT ANALYTICAL PROCEDURE 0094

I Determination of Sodium Chlorate in Sewage Samples

i 1.0 TEST DESCRIPTION

The sample is boiled with a known amount of ferrous sulfate
solution to reduce the chlorate and hypochlorite. The excess
ferrous sulfate is titrated with permanganate. The hypochlorite
is determined on another aliquot by adding potassium iodide.
The following reaction will not destroy chlorate at a pH of 4.

2i + C1O + H + - 12 + C1 + OH

The amount of iodine formed is titrated with sodium thiosulfate.

I The grams per liter sodium chlorate is then calculated from
these titrations.

I 2.0 REAGENTS

2.1 Ferrous sulfate, solution, weigh 7 g of reagent grade
ferrous sulfate (FeS0 4  17H20) into a 250 ml beaker.
Add approximately 100 ml of H2 0 and 10 ml of concentrated
H2SO. When the ferrous sulfate is dissolved, transfer

Ii quanlitatively into a 1000 ml volumetric flask and
dilute to volume with distilled water. Protect against

2.2 air oxidation.

2.2 Mixed acid, to approximately 500 ml of water carefully
add 150 ml concentrate sulfuric acid and 100 ml of
phosphoric acid. Dilute to 1 liter with distilled
water.

1 2.3 Potassium permanganate 0.1 N. Dissolve 3.2 g of reagent
grade potassium permanganat., (KMnO4) in one liter of
water heat the solution to boiling, and keep slightly

.. below the boiling point for an hour. Filter the liquid
through a sintered glass filter crucible. Transfer
filtrate to a clean dark bottle and label. This
solution should be standardized regularly as follows:

Weigh 0.25 To 0.30 g of pure sodium oxalate1. (dried at 105*-110@) into a 250 ml Erlenmeyer
flask, dissolve in 60 ml of water, add 15 ml
of 1:8 sulfuric acid, heat to 800-900 and
titrate slowly with permanganate to the first
permanent pink tinge. The temperature of the

i solution should be above 600 at the end point.
Calculate the normality of permanganate as
follows:

Wt Na 2 Cr 2 O4

N = -
ml KMnO 4 x 0.067

I 15,ý

I
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2.4 Potassium jode. (KI)

2.5 Sodium acetate, acetic acid buffer solution pH4,
dissolve 243 g of sodium aceLaLe trihydrate
(NaC2H3 - 3H 2 0) and 480 g glacial acetic acid
in 400 m1 distilled water and dilute to 1 liter.

f2.6 Sodium thiosulfate solution O.1N. Dissolve in I liter
of distilled water 25 g of Na 2 S 2 0 3 • 5H20 and
add 0.1 g of sodium carbonate to the solution. Allow
the solution to stand for a day before standardizing.
This may be standardized by any approved method. TheI following is one method.

Weigh out 0.2 g of primary standard
potassium dichromate (K2 Cr 2 07) and
dissolve in 50 ml of water. Add
2 g of potassium iodide (KI) and
8 ml of concentrated hydr'ochloricSacid. Mix thoroughly and titrate
with thiosulfate. Swirling the
liquid constantly until the brown
color has changed to yellowish green.
Add a few milliters of starch solution
and continue the titration until the
color changes sharply from blue to
light green. Calculate normality of

I Na2 S2 03 as follows:
Wt. K2Cr207

ml Na2S203 x .049

2.7 Starch solution 1%, mix 10 gm of soluble starch with
50 ml of water. Add this solution to 1 liter of
boiling distilled water. Add 0.01 g of mercuric iodide
as a perservative, and continue boiling and stirring
for a few minutes. Cool to room temperature and
transfer to storage bottle.

I 3.0 DETERMINATION OF HYPOCHLORITE

3.1 After mixing to make sure a representative sample
is obtained pipette a 10 ml aliquot into a 250 ml
flask. (Note the same, size aliquot should be
used for chlorate determination) add 50 ml of
distilled H20 and 2 g of KI. Add 15 ml of acetic
acid sodium acetate buffer and mix thoroughly.
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3.2 Titrate the liberated iodine with standard sodium
thiosulfate until the mixture is a straw yellow inI ~~~color. Add AK ml nf atarnh -aol-i2tiO•nd on"'-

titrating until the dark blue color disappears.

3.3 Record Litration ml of Na2S203 used.

4.0 DETERMINATION OF CHLORATE

4.1 After mixing to make sure a representative sample is
obtained pipette a 10 ml aliquot into a 250 ml flask
filtered with a ground glass stopper. (Note the same
size aliquot should be used for the hypochlorite
determination) add approximately 75 ml of H2 0.

4.2 Add 75 ml of Fe2SO4 solution using a pipette or
burret. Add 10 ml of mixed acid solution.

4.3 Add a few glass beads and boil for 5 minutes.
Stopper and cool to room temperature.

4.4 Titrate with 0.1 N KMnO 4 to the first permanent
faint pink end point. Record ml of KMnO 4 used.

1 4.5 Run at least two blanks starting with step 4.2.

5.0 CALCULATION {(B - S) N] - (A x C) x 17.74

mg/l NaClO3 = N]- Ax)
ml of sample

where

B - ml of KMn0 4 used in blank

S - ml of KMn04 used in sample.

N - Normality of KMnO4

A - ml of Na2 S2 03

C = Normality of Na 2 S2 03

Prepared By: 33.•A.t2 Approved By: _, ______

0. E. Baird, Assoc. Sc.st. D. B. Davis, Supervisor
A naIiy ( ic a L MeLthliods Analytical Methods
D've'lopmeiiLt Scti on Development Section
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3.5.5 Analytical Confidence Studies

3.5. 5. 1 Navy Sample Exchange

Four sewage sai•ples were exchanged wIhL he Navy LaburaLory fu±~r

analysis. The results of these analyses are recorded in Table XXVI.

It can be noted that the results are very favorable. The only difference
in results are in the COD determination. This can be explained due
to the fact that the Navy did not use the chloride correction in the COD
analysis since they diluted the sample to where the interference would
be negligible.

3.5. 5.2 Utah State University

Sewage samples were sent to the Water Laboratory of the Utah State
University. The data in Table XXVIII shows the relationship of
Thiokol data for BOD and COD with the Utah State data for TOC and
BOD. The BOD samples were not analyzed until after three additional
days. The OCT present had continued to react and produced low results.

I 3.5.5.3 MRI Exchange

Two samples of sewage were frozen. One of these samples was
packed in dry ice and shipped to MRI. Both samples were thawed
out and tested the same day by Thiokol and MRI. The COD results1 are listed below.

COD (mg/I)
Thiokol MRI

I Sample M-85-054 719 683

I
I
I
I
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TABLE XXVII ;

Navy TIOKOL VS NAVY RESULTS

(mg/i)

Influent C entrate P-2 P-_.6

COD Thlokol 790 551 242 Nil
Wet
Method Navy 900 495 340 135

3 COD Thiokol -- -- -- --

AquaRator

Navy 920 480 180 <50

BOD Thiokol 250 145 55 30

I Navy 340 230 100 35

Suspended Thiokol 396 146 141 52
SolidsI Navy 459 172 180 80

I
1
I
i
I
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TABLE XXVIII

DATA OF TOC TESTS

BOD COD TOC COD/TOC BOD/TOC USU/BOD
Sample Numbr (mal (ml/il) 1&/i) / Ratio Ratio (mg/I)

M-85-118-Al 298 842 115 7.32 2.59

Influent

M-85-118-A2 288 540 97 5.57 2.97 234*
Centrate

M-85-118-A-11 193 235 70 3.38 2.78 48*
UV #4

M-85-118-A-13 114 80 50 1. 62 2.3 48*
Cat. Col.

M-85-113 #4 -- 386 107 3.61 -- --

M-85-114-A-3 97 398 147 2.71 0.66 --

M-85-115-A-11 238 443 93 4.76 2.56 --

*Tested 3 days after Thiokol tests were completed.

16
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4.0 PHASE II RECOMMENDATION

* 4. 1 Dhoaaý IT The.o4.,,

The Phase I program has resulted in extensive testing of ma rin'
I waste treatment components and subsystems as well as demon-

stration of total system performance using various combinations of
components and subsystems. After careful review and evaluation
of all component, subsystem, and total system data, a recommended
design configuration has been selected for the Phase I1 system to be

I demonstrated and delivered to the Navy for shore testing. The recom-
mended system is shown schematically on Figure 58. The basic
Phase II system utilizes a pretreatment system comprised of a hydra-
sieve prescreening device, a macerator pump to grind screened
sludge which is then pumped to the incinerator using a demonstrated
pump, a primary treatment system comprised of a centrifuge for
further solids removal, and a secondary treatment system employing
a PEPCON cell, catalytic column loop for removal of dissolved solids.
The catalytic system was selected over the ultraviolet system on the
basis of its simpler more reliable configuration. Both the catalyst
and ultraviojet systems were found to yield satisfactory BOD and

j suspended solids removal.

The recommended design is based on the use of demonstrated
components and subsystems. It is anticipated that the major
Phase II effort will involve evaluation scale effects on some of
the components and evaluation of piping modifications to yield
the most efficient performance and packaging. The subsequent
sections describe the major subsystems in detail and the con-
siderations leading to the selection of the subsystem.

4.1. 1 Pretreatment

The Phase II pretreatment system will be comprised of a hydrasieve
to prescreen influent waste material, a sludge tank to collect screen-
ings from the hydrasieve, a primary holding tank to collect hydrasieve
underflow, a pump to transfer the underflow from the holding tank to
the centrifuge, a macerator pump to grind hydrasieve screenings in
the sludge tank and a sludge feed pump to transfer macerated sludge
to the incinerator. The above components will be arranged schemati-
cally as shown on the system schematic Figure 58.

I 3 discussed in Section 3. 3.2.1, the hydrasieve will be equipped with

baffles to channel flow to the center of the screen during periods of
ship rolling. In addition, screen width will be increased to further

166It
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I insure proper operation during periods of dynamic motion. Also as
noted in Section 3.3.2.1, the hydrasieve will be equipped with a

I ~~~double wpir kn h~nr11wf ure

The primary holding tank size will be 300 gal providing for a 300 psr-
cent surge for a period of 40 miD. Outflow from the holding tank via
the transfer pump will be at the average 3. 6 gpm flow conditiea. This
pump (Model 777-F) is a bronze body, neoprene impeller, self-
priming model manufactured by Jsbsco Pumps of International Tele-
phone and Telegraph Corporation.

[ The sludge tank has been sized for 20 gal capacity. The outlet of the
sludge tank will be connected to a macerator pump which as shown
on the system schematic continuously recirculates and macerates the
sludge collected in the tank. Operation of the macerator pump will
be sequenced by level controls in the sludge tank. A portion of the
recirculated sludge will be bypassed to the incinerator using a sludge

pump. Recirculation will be at a rvle of 4. 7 gpm and feed to the
incinerator at a rate of 3. 0 gph. Both the macerator pump and sludge
pump were demonstrated during Phase I and are manufactured by the
Moyno Pump Division of Robbins and Meyers, Iuc. The sludge pump
is a Moyno Model BA100-BGQ and the macerator pump a Moyno

Model EWN-200.

I Minor problems have been encountered with stopping aud plugging of I
the Moyno sludge pump. During Phase 11 the sludge inlet section
design will be motfied as depicted in Figure 43 and described in

I Section 3. 3.2. Also, a higher torque drive mechanism will be substi-
tuted for the low torque used to drive the sludge pump.

4.1.2 Primary Treatment

1The primary treatment system will be comprised of a centrifuge
for further removal of suspended solids from the influent, a centri-
fuge base, a 50 gal centrate tank to collect liquid discharge from the

centrifuge and a centrate pump to discharge the liquid from the centrate
tank through the secondary treatment system. The major component
of this subsystem is the centrifuge which was extensively tested during
Phase I. The centrifuge is a DeLaval 20 in. diameter by 14 in. high
ECM clarifier. Data on the solids removal efficiency of this machine
was presented in Section 3.3.2. During Phase II, tests will also be

conducted on a "scaled down" ver.ion of the 20 in. diameter centrifuge.
Data presented in Section 3. 3. 2 has shown the feasibility of using a

smaller centrifuge. An available Thiokol 14 in. centrifuge will be
used for the Phase II tests and a firm r-commendation for the Phase III

system will be made.

I 768
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The centrifuge stand will be a steel weldment and the contrate pump
a Jabsco Model *77 F powered by a 1/4 H P electric motor. Specific

Sahap& -&-Ofthc •LU w,±will lie uermined during Piiase ii tesuig.

a 4. 1. 3 Secondary TrP.Rtnt

The secondary treatment syatem selected for Phase II utilizes
electrolytic (PEPCON) cells to generate hypochiorite from the salts
present in sea and brackish water and catalytic columns to catalyze
the reaction of the hypochlorite with the dissolved organic materialj in the centrate discharged from the primary treatment system. The
PEPCON cells are manufactured by Pacific Engineering and Production
Co. of Nevada and have been extensively tested at Thiokol during
Phase I and have been in operation for years at the manufacturer's
plant. These 500 sq in. anode cells were described in Section 3. 3. 2.
The catalyst system is a Thiokol development which was evaluated
separately during Phase I to provide comparative data with the ultra-
violet method of catalyzing the hypochlorite reaction. Both the
Thiokol chemical catalyst and the ultraviolet systems were demon-
strated during Phase I and both were shown to provide the required
BOD and suspended solids removal (See Section 3. 3. 2).

Using the data obtained during Phase I testing, ultraviolet and catalyst
systems were sized for the Phase II 200 man prototype system. It
was determined that 16 high pressure ultraviolet lamps of the type
demonstrated in Phase I would be required for the Phase II system[ versus catalytic system containing 800 lb of WNC-1 catalyst. The
catalytic system was selected on the basis of its simpler construction.
The reliability and m~aintainability considerations associated with theI use of 16 ultraviolet cells containing 16 quartz glass tubes and 16 lights
compared to the catalytic columns were the major factors influencing
this decision. In addition, 16 ultraviolet, lights would require 48 kw
of electrical power to operate. While this power requirement might
not be excessive for most large ships it could pose a problem for
smaller vessels. Further, the catalytic system offered more versatility
in packaging; the catalyst reactor can be varied in diameter, length,
weight of catalyst per columns, without effecting performance.

The planned piping configuration for the secondary treatment system
is shown on the System Schematic Figure 58. This schematic shows
both the PEPCON cells and catalytic columns in a parallel piping
arrangement. As discussed in Section 3.3.2, both series (PEPCON

I all catalytic column, PEPCON cell, etc) and parallel piping configu-
rations were evaluated and both provided the required performance.
The specific arrangement shown provides for separate venting of
hydrogen gases formed as the centrate is circulated through the
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PEPCON cells (centrate tank is vented) and venting of oxygen gas
formed in the catalytic column as a result of the reaction of the
hypochlorite with the catalyst. This venting is accomplished in the
recirculation tank. Both tanks will be vented to the incinerator exhaust
stack above the air ejector where dilution air is provided from the
centrifugal blower to prevent any reaction between the hydrogen and
oxygen.

The piping arrangement shown provides for recirculation at a rate
of 18 to 20 gpm. Input from the centrifuge is at a rate of 3.6 gpm

and discharge from the system at the same 3. 6 gpm rate. A heat
exchanger is provided uetween the recirculation tank and catalytic
columns to raise the temperature of the centrate to 1250 F in order
to obtain maximum efficiency of the catalyst. A second heat exchanger
is provided to exchange heat between influent and recirculated material

from the catalyst columns to reduce tne load on the primary heat

exchanger. The primary heat exchanger will be designed to operate
on electric power. Scaling and/or solids buildup in the heat exchanger
will be eliminated by taking full advantage of fluid velocity, tempera-
ture control and materials of construction. A final catalyst polishing
column is provided to reduce BOD and hypochlorite in the effluent.

At the present time Thiokol has under development a new catalyst
which has shown to be capable of operation at ambient temperature.

This catalyst is currently being characterized and if future test
results verify preliminary data, the ambient catalyst can be intro-
duced into the Navy system, thus reducing the load and/or eliminating

the requirement for the heat exchanger. The status of the new catalyst
development will be reviewed at the initiation of Phase II and a decision
regarding its incorporation made at that time.

4.1.4 Solids Disposal

The solids disposal system proposed for Phase 11 is the incinerator

concept evaluated during Phase L Results of the Phase I tests were
discussed in Section 3.3.2. The same basic incinerator design will
be used in the Phase II system. The incinerator will be equipped with
a baffle to provide retention time for sludge incineration. The Phase Iincinerator system will be modified in one area for Phase 11; the exhaust

fan will be replaced with an air ejector system, thus eliminating a moving
mechanical component from the hot gas stream. The air ejector system

will be designed to produce the same negative pressure in the incinerator
chamber as the exhaust fan; thus, incincerator performance will not be

effected by tie proposed modification.

A preliminary design of the ejector was prepared during Phase I.
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An analytical model was developed to establish the design parameters
irnlrpirpd fn nrinaiop flnw rtpa nd pnrn-•pl•- inrrn-ntfh1P with thn

incinerator system. Steady state flow conditions were assumed and
the basic interactions between the primary and secondary streams
were considered.

The energy, momentum, continuity equation were utilized to derive
expressions for determining the desired operating conditions and
basic geometry.

The design requirements imposed on the injector system were as
follows.

I Ps = pressure in secondary stream immediately
downstream of the incinerator - 14. 0 psia

Ws = secondary flow rate - 0. 11 Ibm/sec

IDs = duct inside diameter - 5.0 in.

I Vs = velocity downstream of incinerator - 45 ft/sec

i Ts = temperature of secondary stream - 2,240'R

Pp = static pressure at exit of primary nozzle - 14. 0 psia

STp = temperature of primary stream - 5300 F

The total pressure loss in the diffuser was considered to assure
that the total pressure at the diffuser exit is above ambient

(Pa = 14. 7 psia). This pressure loss was calculated to be approxi-
i mately 0.03 psi/ft of diffuser length. A duct length of 50 ft was

considered in this analysis.

The ejector design for the Phase II waste treatmnvnt system requires
a primary pressure of 17.04 psia and a primary flow rate of 201 cfm
to yield the desired operating conditions. It was determined that a

multistage centrifugal turbo-air blower (Reliance Model XT) of the
type currently being utilized by the Navy in a shipboard waste treat-
ment system can provide the required air flow and pressure. The
current Navy blower has a capacity of 140 scfm at 2. 5 psig. It is
possible with minor modifications to obtain the required flow and
pressure with the same centrifugal air blower.
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I 4.2 Phase II Program Plan

P IINAW: 1j The rVtUU1Ik11i tl1U~ r•ha at ii pLu~gra1I •c vuIlUUt l• prt•ettleU iu r

Figure 59 and supported by a detailed documentation plan in Figure 60.
The Phase II progo'ram includes eight tasks and covers a time .Ron of1 10 months from phase authorization to submittal of the final report.
The proposed Phase II program is initiated with an update and finali-

i zation of the Phase I prototype system. The design effort is supported

with design analysis and a complete reliability and maintainability
analysis. The Phase I prototype system will be refurbished and

I modified as required to provide a prototype system for installation
in a Navy facility for testing. Major subsystems will be checked out
parallel with the refurbishment effort. The assembled system will

be checked out and subjected to reliability testing prior to snipment

to the Navy. A description of the individual tasks follows.

1 4.2.1 Task 1. 0 - Design Finalization

The Phase I design will be updated based upon data obtained from
the Task I testing. The design will incorporate the features required
to provide an efficient and reliable system for the Navy Phase Ii

I testing. The design will be supported with analyses as required to
predict operation of the modified subsystems. Thiokol presently

anticipates that plumbing modifications will be made to the pretreat-

ment system to provide transfer of solids to the incinerator, plumb-

ing optimization in the secondary treatment system and overall systemsI packaging improvement.

Parallel with the 200 mqn system design effort, a preliminary design
I will be prepared for a scaled-up 500 man waste treatment system.

This design will include a schematic and preliminary design and per-
formance specifications. Detailed subsystem drawings will not be
prepared.

Coordination will be conducted with the Navy on the planned test
facility for the waste treatment system. Interfaces will be defined

and Phase II prototype system design will incorporate features

to provide maximum compatibility with the Navy test facility. A

technical manual will be prepared describing the Phase II system
design and operating requirements. This manual will be submitted

in preliminary form 30 days prior to shipment of the Phase II waste

treatment system. The manual will be revised to incorporate Navy

comments and resubmitted with the delivery of the equipment to the

Navy test facility.
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I 4.2. 2 Task 2. 0 - Subsystem Checkout

I It is anticipated that several subsystems will have plumbing and

packaging modifications as a result of the Task I finalized design.

The primary modifications will be to the solids handling and disposal
system, the secondary treatment system, and overall systems packaging,
Modified subsystems will be assembled and tested early in the program

to verify the design modifications prior to completing overall systems
assembly. Subsystem designs will be finalized based upon testing
results. Data will be made available to the Navy verifying subsystem

I performance.

1 4. 2. 3 Task 3. 0 - Reliability Analysis

The R & M program plan submitted as Appendix A of Thiokol proposal
TWP 08370-40, dated 21 Sep 1970, will be updated and submitted to

the Navy 30 days after award of contract. At the same time, a draft
of the failure modes and effects analysis will be submitted for co-
ordination with the Navy. This task will include reliability design re-
view meetings and minutes supporting the Task 2.0 design effort.
A test plan will be prepared covering full scale Phase II system per-

formance verification and reliability demonstration testing. Based
upon this testing, a preliminary FMEA report will be submitted toJ the Navy 7 months after award of contract.

4.2. 4 Task 4. 0 - Maintenance En!gineering Analysis

A maintainability engineering analysis will be conducted in preparation
of maintenance selection reports and maintenance parts lists required
to support the systems testing. Maintenance surveillance logs will be

accumulated on Thiokol performance verification and reliability demon-
straton tests. This report will be submitted to the Navy 7 months

after award of contract.

5 4.2.5 Task 5.0 Fabrication (Refurbishment)

Basically, this task includes the refurbishment of the Phase I full

scale advanced waste treatment system. Thiokol anticipates that
some new fabrication will be required on subsystems such as the

solids transfer system from the pretreat.nent screen and the catalyst
reactor system. Thiokol plans to assemble the refurbished sub-

systems in a new waste treatment test facility. This facility will

enable checkout of the waste treatment system on a full-time, on-
stream basis. The system will be repackaged to simulate installation
in the navy test facility. Parallel ,erforniance verification tests will

be cunducted in this facility on the individual subsystems and on the
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j completely assembled waste treatment system when assembly has
been completed. Following this testinz and the Task 6. 0 reliability
demonstration testing, subsystems will be cleaned up and refurbished
as required to place in an original condition.

1
4.2.6 Task 6.0 - Reliability and Maintainability Demonstration

Following assembly and verification testing of the subsystems, a

30 day reliability demonstration test is scheduled in the Thiokol M-153
on-stream waste treatment test facility. This reliability demon-
stratlon testing will identify systems variables to be subjected to
additiohal evaluation during the long-term Navy demonstration testing.
It is recommended that consideration be given by the Navy to continuing
the long-term testing in Thiokol's M-153 test facility. This facility
is connected on-st,'r';,. to the effluent discharge from 200 personnel in
an administrative management building. The sewage from this building
does not contain kitchen or laundry waste and, therefore, closely
simulates the Navy design requirements listed in the Contract N00024-

SI 71-C-5332 work statement.

4.2.7 Task 7.0 - Navy Installation and Checkout

This task includes shipment of the waste treatment system to the Navy

test facility with an on-dock delivery date schedule during the 7th
month of the program. Thiokol will support installation of the system
at the Navy facility during a 3 week period of time and will provide
support as required for the initial 60 days of testing. Data will be
analyzed from the initial 60 days of testing combined with the Thiokol
Phase II data and incorporated in the final report scheduled for sub-
mission to the Navy 10 months after award of contract.

4.2.8 Task 8. 0 - Management and Reortijg

Thiokol will provide management and reporting of the program in
accordance with Phase II contract requirements. The documentation

plan contained in Figure schedules the submission for the 16 CDRL
items required by the Navy contract. These reports will be prepared
on a timely basis and submitted to document the Phase II effort and

to provide a basis for Phase III of the program.
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